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BOOTSTRAP (S3A) 

I. Purpose 

To load the binary loader into core. 

II. Description of Operation 

A. Place the tape "BINARY LOADER, BOOTSTRAP FORMAT" under the reader; 
turn the reader on. 

1. When using the high speed reader, place the ON/OFF switch in the ON 
position. 

2. When using the ASR set, the turn-on procedure is as follows: 

a. Set ASR switch to OFF position. 

b. Put machine In WRITE mode; depress the Master Clear button. 

c. Using the probe, load the S-Reglster with the location. 

d. Using the probe, load the X-Reglster with the contents of the location; 
depress the Start button. 

e. Repeat c and d until all three words below have been entered: 

Location Contents 



000008 


OOlOls 


OOlOlg 


377408 


001028 


340**8 



The two asterisks above denote the output channel number of the ASR 
set. 

f. Put machine In INSTRUCTION STEP mode; depress the Master Clear 
and Start buttons. 

B. Load the bootstrap manually (1); or use the bootstrap card (2). 

1. Manual Load 

a. Put machine in WRITE mode; depress the Master Clear button. 

b. Using the probe, load the S-Reglster with the location. 

c. Using the probe, load the X-Reglster with the contents of the location; 
depress the Start button. 

d. Repeat b and c until all the words on the program listing (locations 
0-278) have been entered. 
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2. Bootatr^) Card Load 

a. Connect the bootstrap card to the proper main frame plug. 

b. Put machine in WRITE mode; depress the Master Clear button. 

c. Using the probe, carefully trace the path on the bootstrap card cross- 
ing all exposed conductors in sequence. 

d. Remove the bootstrap card from the main frame p jg. 

C. Verify that location 258 °' ^^ bootstrap program contains the proper input 
command to reference the selected reader. 

D. Put machine in RUN mode; depress the Master Clear and Start buttons, 
m. Run Time 

In less than one minute, with lockout set, the bootstrap program will read in the 
binary loader and transfer to its starting location. 

rv. Storage 

Number of locations used: 278(1-278). 
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DATE 4/27/65. TIME 2/t>0/20 P.H. p^gg 

PROJECT NO. 5J00b3 PROGR»mmer g^g, O.MAHf r*PE NUMBER bl2532 

1 BOUTiTHAP 

2 

3 PROGHAM LIBRARY 

* PROGRAM NO. P-50 S3A 

6 

7 WIREU BOOTSTRAP FOR THE P-50 SERIES COMPUTER 

10 
11 

12 A. OPERATING INSTRUCTIONS! 

13 1. CONNECT The bootstrap card to proper plug on main rSAME. 

15 2. VERIFY THAT THE READER AND LOCATION 25 (OCTAL) Or THE 

16 dOOTSTPAP PROGRAM wltL REFER TO The SAME CHANNEL. 

20 3. SELtC^ nRITE MODE AND MASTER ClEAR. 
21 

22 4 USING A GROUNDED PR09E. CAREFULLY TRACE PaTH ON 800T- 

25 STRAP CARD. CHOSSI'JG ALL EXPOSED CONDUCTORS IN SEQUENCE, 
2* (THb BOU'-STRaP also May be LOADED MANUalLT.) 

26 5. remove bootstrap card from main frame plug. 

1° 6. Place the tape of the binary loader, bootstrap format, 

^1 I'^ REAOtW AND Tu-^N reader on. '.if The aSR READER IS USED. 

32 PLACE S«!TCh on LINE. IF The aSR SET IS NOT TURNED ON, 

33 EXECUTE AN OUTPUT INSTRUCTION TO ThE aSR SET WHILE IN SINGLE 

34 516^' WITH The ACCUHulaTOS CONTAINING THE TURN-ON CmR-37740.) 

36 7. SELECT Run MODE. MASTER CLEAR, AND STaRT. 
37 

*0 8. •'ITH LOCKOUT SET , THE BOOTSTRAP PROGRAM HILL READ IN 

*1 ''HE dINARY LOADER AND TRANSFER TO THE FIRST LOCATION OF IT 

*3 9, FOR The REMAINDER OF The STaRT uP PROCEDURE. SEE Tme 

** aOOT5Tw»PPED bINARv LOADER DESCRIPTION, 
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TAPE NUHBER S12632 
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B. HOOTSTRAP FORHATI 

FIRST WORD or THE TAPE IS THE LAST LOCATION PLUS ONS OF 
THE PROCRAH, 

THE F0LL0MIN6 MORDS ON THE TAPE ARE STORED IN OECENQING 
ORDER . 

EACH MORO IS COMPOSED OF TMO SEVEN.StT CHARACTERS IN 
REVERSE ORDER. 

THE FIRST CHARACTER. MHICH IS THE LOM ORDER SEVEM UTS, 
IS DENOTED BY A PUNCH IN TAPE CHANNEL S. 

BLANK TAPE IS IGNORED MHEN LOOKINO FOR FIRST CHARACTER. 

THE SECOND CHARACTER. MHICH IS THE HIOH ORDER SEVEN 
BITS. IS DENOTED BY A NON-PUNCH IN TAPE CHANNEL •. 

IF A WORD CONTAINS TWO PUNCHES IN TAPE CHANNEL 8. CONTROL 
IS TRANSFERRED TO THE BEQINNINC OF THE LOADED PROQRAN. 



C. TIME DELAY 

LOCKOUT AND A TINE DELAY REPLACE THE READER INTERRUPT. 

THE TINE DELAY IS (1*3) • 4.SU$EC • 6209 • .Xft7SEC0NDS 

THE SLOMEST READER IS ASSUMED TO BE FASTER THAN SIX 
CHARACTERS PER SECOND. 



D*TE 4/P7/65 TIME 2/50/35 P.I. 

= «OJECT KO. 5.J0053 PROGRAMMER E.E. O.hARE 'APE NUMUEH 512632 
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HIRED BOOTSTRAP FOR THE P 








































00000 




UH6 


PC 






013000 




00020 




OCT 


REaDC 


READ A CHARA 




00001 




00001 


STOKA(i 


OCT 


L 


STORAGE I 




0iJ002 


10 


040 


2MALF 


ADO 


TEMP 


COHBINE FIRS 




011003 




101 


TlhCON 


LSH 


ACC 


PLACE BIT 




00004 




1 001 




S*L 


STORAG. I 


STORE COMPLE 




011005 




OOl 




OCR 


S'ORAG 


DECREASE 




00006 




020 


IHALF 


kJP 


READC 


GET FIRST CH 




00007 




005 




^JP 


L-1 


IGNORE Bt 




00010 




101 




CMfl 


ACC 


CLEAR TAPE C 




OUOll 




101 




LbH 


ACC 


SHirT FIR 




0U012 




02-' 




LSH 


SHirv 


THE SHIFT IS 




00013 




010 




yj? 


L-2 


IS THE SH 


X r * 


0(1014 




040 




Si"! 


-fcMP 


S^ORE SHIFTE 


1 '' 


00015 




020 




MJP 


readl 


GET SECON 


126 


00016 


21 


031 




EJP 


2HA.F 


IF Br i3;ta 


127 


0Q017 


24 


1 001 




JMP 


S^CHAG. 1 


IF ON, TR 




00020 




0C005 


WEAUC 




l'^ALF-l 


FIRS'' »IME. 




00021 


01 


100 




OCR 


"tMDLY 


DECREMENT 




00022 


27 


020 




PJP 


L-1 


DELAY UNTIL 




00023 


32 


003 




fcNL 


TIMCU>N 


TIMCON • 




00024 


37 


100 




S'L 


TIMDLY 


RESET DELAY 




00025 


30 


000 




INT 


• • 


INPUT ONE 




00026 


24 


1 020 




kTn 




RETURN WITH 




00027 




20100 


SHIFT? 


oc: 


20100 


FLAG FOR 








00040 


TEMP 


bUU 


32 


TEMPORARY ST 








00100 


TIMDLY 


EUU 


64 


TIME OELA 


142 






00000 




END 







s 

CTER AND IGNORE- 00 

NDEX. FIRST MORO HERE. 01 

T CHARACTER WITH FIRST. 02 

S IN PROPER POSITION, 03 

TE UORD IN CORE. 04 

STORAGE INDEX BY ONE, OS 

aRaCTER of WORD, 06 

.'.NK FIRST CHARACTERS, 07 

HANNEL S. 10 

ST CHARACTER TO LO" END. 11 

PERFORMED Seven times. 12 

IF'ING OPERATION DONE? 13 

FIRS' CHARACTER, 14 

D ChaKACTER OF WORD, i5 

PE CH.8) OFF, FORM WORD. 16 

ANSFER '0 PHOGRai* 17 

RETURN '0 GE'' FIRST Cmr . 20 

TIME DELAY. 21 

TIME OELAT IS NEGATIVE. 22 

(3*3)»4. 5*6209 I .167SEC. 23 

WITH TIME DELAY CONSTANT. 24 

EIGHT-BIT CHAR;(6-13). 25 

CHARACTER INPUTED. 26 

SHIFTING SEVEN TIMES. 27 
ORAGE FOR FIRST ChR , 
Y, AUTOMATICALLY RESET. 



(S) 
00020 
OOOOl 
10040 
14101 
37401 
OlOOi 
36020 
20005 
02101 
14101 
14027 
27010 
37040 
36020 
21001 
24401 
00005 
01100 
27020 
32003 
37100 

300«. I4c> / 
24420 
20100 
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PROJECT NO. 5^0053 PROGRAMMER E.E. O.HARE TAPE NUMBER S12632 

STARTED 4/27/65. 2/50/00 P.M. 
OOHRLETED 4/27/65. 2/50/3S P.M. 
NUMBER or INPUT RECORDS 98. 
NUNBER or OUTPUT RECORDS 98. 
NUMBER or BINARY RECORDS 27. 



BOOTSTRAPPED BINARY LOADER (S4A) 

I. Purpose 

To load P-50 binary tapes into core with both latitudinal (parity) and longitudinal 
(checksum) error checking. 

II. Description of Operation 

A. Read in the "Binary Loader, Bootstrap Format" paper tape using the bootstrap. 
(See Bootstrap Description for details.) 

B. Enter the following parameters if necessary: 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat 2 and 3 until all the desired parameters have been entered. 

Description 

Input command to access same reader as used by 
bootstrap. (XX denotes reader channel.) 

Standard High Speed Reader Interrupt Location. 

Standard ASR Reader Interrupt Location. 

Address, minus one, where control is transferred 
when a stop code is read. 

(X is 0, 1, 2 or 3 depending on which bay the binary loader is in.) 

C. Read in the desired binary tape using the bootstrapped binary loader. 

1. Place the binary tape under the paper tape reader. If the ASR reader is 
used, the binary loader assumes that it has already been turned on by the 
computer. (See turn on procedure in Bootstrap description.) 

2. Place machine in RUN mode. 

3. Depress the Master Clear button. 

4. Depress the Start button. 

5. If no errors are detected, the tape will be input up to and including the 
stop or transfer code. 

D. Normal Completion 

1. If the tape contains a stop code at the end of the tape, the computer will 
either stop with the S-Register (bits 0-7) set to 2028 or ^^11 transfer 
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Location 


Preset 


X7750 


300XX 


X7766 


00007 


X7767 


00010 


X7771 


X7601 



automatically to the T0P program in the P-50 Executives, depending on 
whether location X7771 was preset to X7601 or 401. 

2. If the tape contains a transfer code at the end of the tape, the computer 
will transfer control to the specified transfer location. 

E. Error Stop 

If the error checking procedure finds an error, the computer wi stop with 
the S-Reglster (bits 0-7) set to either of the following: 

1. S- Register (0-7) = 4: Parity Error 

2. S- Register (0-7) = 5: Checksum Error 

To reread the binary tape, replace it under the reader at the beginning of the 
tape and depress the Start button. 

F. Using the Binary Loader after a Time Lapse 

To read in binary tapes after other programs have been executed, the follow- 
ing procedure must be followed. (This assumes that the bootstrapped binary 
loader remains In core.) 

1. Put machine in WRITE mode; depress Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
bootstrapped binary loader (X7602, where X = 0, 1, 2, or 3 depending on 
which bay the loader is in); depress the Start button. 

3. Execute Step C of this section, 
ni. Program Comments 

A. When the bootstrap program transfers control to the binary loader, the input 
( ommand used by the bootstrap is stored In location X7750, thus the loader 
is preset to use the same reader as the bootstrap. 

B. The loader assumes that the reader interrupt location is either 78 or lOg. 

C. The Input of a stop code on the binary tape will either result in a stop with 
the P- Register set to X7602 or a transfer to the executives, depending on 
how location X7771 is preset. 

D. The above three Items may be changed as indicated in Section II. B. 

E. The bootstrapped binary loader does not load any interrupt locations until it 
is completely finished so that it cannot be interrupted during the loading 
process. Because of this precaution, the loader will not function properly 
when an attempt is made to load into core locations 7475g to 7777g or when 
binary tapes are loaded consecutively in bay zero. (This Is no restriction 
since the programmer's console will perform these functions once the ex- 
ecutives are entered. Also, a binary loader in the binary form may be en- 
tered in this manner.) 



2-2 



F. The bootstrapped binary loader will not load correctly Into Its particular 
area of core (XTSOOg - X77773), where X = 0, 1, 2, or 3 depending on which 
bay the loader Is In. 

G. A transfer to location zero or location 377778 Is Interpreted as a stop code. 
Attempted storage into location zero is ignored. 

H, Tapes containing the bootstrapped binary loader in the bootstrap format are 
available from the Program Library for all four bays of core; tapes contain- 
ing the binary loader in the binary form are also available for all four bays 
of core. 

IV. Storage 

Number of locations used: 2009 (X7600-X7777). 
V. Run Time 

The bootstrapped binary loader runs at the speed of the reader. 
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DATE 4/27/65. TIME 2/b3/07 P.H, >>Si^ PAGE 1 ^^ 

PROJECT NO, 530053 PROGRAMMER E.E, O.hare TaPE NUMBER 512633 "^ 

1 BOOTSTRAPPED BINARY LOADER 
2 

3 PROGRAM LIBRARY 

4 PROGRAM NO. P-50 S4A 
5 
6 
7 1. READ IN BINARY lOADER. BOOTSTRAP fORMAT, USING 

10 THE BOOTSTRAP PROGRAM (SEE BOOTSTRAP OESCP I'*T ION) . 
11 

12 2. AFTER THE BOOTSTRAP PROGRAM TRANSrEHS TQ ThE BINARY 

13 LOADER, The BINARY LOADER "ILL STOP kjTH ThE S-REGISTER 

14 (BITS 0-7) SET TO A (202). 
15 

16 3. PLACE BINARY TAPE TO BE LOADED IN SAME |NPuT DEVICE 

17 AS USED BY THE BOOTSTRAP PROGRAM (THE FORMAT OF A BINARY 
20 TAPE IS DESCRIBED IN THE PROGRAMMER, S CONSOLE MRITEUP). 
21 

22 4, PLACE MACHINE IN RUN MODE. PUSH MASTER CLEAR BUTTON. 

23 AND THEN PUSH THE START BUTTON. 
24 

25 5. IF BINARY TAPE CONTAINS A STOP CODE AT THE END. THE 

26 PROGRAM HILL EITHER STOP WITH THE S-REGISTER (BITS 0-7) SET 

27 TO A (202) OR TRANSFER TO THE P-50 EXECUTIVES. DEPENDING 
30 ON HOM THE BINARY LOADER MAS PRESET. 



32 IF BINARY TAPE CONTAINS A TRANSFER CODE AT THE END, THE 

33 PROGRAM HILL TRANSFER TO THAT LOCATION SPECIFIED BY THE 

34 TRANSFER CODE. 
35 

36 6, IF A PARITY ERROR (ODD PARITY CHECKING) OCCURS, THE 

37 PROGKAM HILL STOP WITH THE S-REGISTER ( BITS 0-7) SET TO A t4l. 
40 

41 IF A CHECKSUM ERROR (14 BIT SUM ON WQRDS) OCCURS. THE 

42 PROGRAM HILL STOP WITH THE S-RE6 I STER ( B I TS 0-7) SET A 15J. 
43 

44 TO RESTART ON EITHER OF THE ABOVE TWO ERRORS. DEPRESS 

45 MASTER CLEAR BUTTON AND THEN DEPRESS STaRT BUTTON, AFTER 

46 REPOSITIONING TaPE IN INPUT DEVICE, 
47 



DATE 4/27/65, TIHE 2/53/37 P.H, 
PROJECT NO. 530053 PROGRAMMER E.E. O.HARE 



PACE 2 



TAPE NUMBER 512633 



SO 
51 
92 
53 
54 
55 
56 
57 
60 



EJE 



7. TO RESTART. SET THE P-REGISTER TO X7602. WHERE (XI 
IS EITHER 0. 1. 2, OR 3 DEPENDING ON WHICH BAY OF CORE 
THE BINARY LOADER HAS BEEN ASSEMBLED FOR. 

N.B. ••• THE BINARY LOADER USES THE SAME INPUT DEVICE AS THE 
BOOTSTRAP. ASSUMES THAT THE INPUT DEVICE. S INTERRUPT IS 
EITHER AT LOCATION SEVEN OR TEN (OCTAL). AND HitL NOT LOAD 
CORE LOCATIONS 7475 TO 7777 (OCTAL) PROPERLY, 
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DATE 4/27/65. TIME 2/53/39 P.M. 
PROJECT NO. 530053 PROGRAMMER E.E. O.haRe 

1 EJE 

2 



PAGE 



N> 
I 

OS 



1 
1 
1 
X 
I 
1 
1 
1 

i 
1 

1 
1 
1 
1 

1 

12 

12 

122 

12 

12 

125 

12 

12 



TAPE NUMBER 512633 
BOOTSTRAPPED BINARY LOADER TOR THE P-50 SERIES COHPUlER 



07600 
07601 
07602 

07603 
07604 
07605 
07606 
07607 
07610 

07611 
0761^ 
07613 
07614 
07615 
07616 
07617 



00000 
00000 
00007 
00010 
00025 

00402 
07602 



07602 



07600 
32 1 370 

37 350 
00 202 



32 
37 
32 
37 

01 
27 

23 
32 

37 
32 

37 
37 
36 



365 
375 
364 
375 
375 
205 

211 
363 
362 
361 
366 
367 
347 



UNU 

A HED THE FOLLOWING ARE PROGRAM PaRamETERSI 

BAY EOU BAY or CORE WHERE BINARY LOADER UiLL BE 

STPNO EOU STOP INDEXI 0-STOPl l-TRANSrER TO EXECS. 

HSRLO EUU 7 HIGH SPEED READER INTERRUPT LOCATION 

ASR set READER INTERRUPT LOCATfON 
INPUT DEVICE. S CHANNEL LOC. TRON BOOTSTRAP 



ASRlO 8E0U 10 
RCHLO 8E0U 25 



STPEX SEOU 402 

STPBL 8E0U BAY*10000*7602 

RPT STPND 

OLE STPNO 
STP EUU STPBL 



BiNLD SORG BAY*10000«7600 

ENL RDCHL.I 

STL INCOM 

STP L 



VSTART 



ENL 


ACC) 


STL 


COUNT 


6ENL 


23400) 


STL 


COUNT. I 


OCR 


COUNT 


PJP 


L-2 


CLJ 


L*l 


ENL 


RDRTN-l) 


STL 


ACC*1 


8ENL 


23400«ACC-»1) 


STL 


HSRlL.l 


STL 


ASRIL.I 


RJP 


INPUT 



STOP FOR EXECUTIVES (TOP ROUTINE) 
STOP FOR BINARY LOADER 

STOP IN BINARY LOADER (S-RCGISTER • (2021 



GET CORRECT READER CHANNEL FROM BOOTSTRAP 
STORE INPUT COMMAND IN BINARY LOADER 
NORMAL STOP rOR BINARY LOaDERI S-REG«(202l 

NORMAL START FOR BINARY LOADER 

STORE IGNORE INTERRUPTS (CLJ fl • 23400) 
IN ALL THE INTERRUPT LOCATIONS 



CLEAR INITIAL LOCKOL'T 

STORE READER INTERRUPT RETURN 

READER INTERRUPT COMMAND (CLJ ACC»1,I> 

STORE IN READER INTERRUPT LOCATIONS 
IGNORE FIRST GARBAGE CHARACTER 
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PAGE 



IN3 
I 



130 










tJE 




191 


07620 


36 





276 


NBNBK RJP 


I8NW0 


132 


07621 


05 





376 


EDR 


TORCS 


133 


07622 


21 





223 


EJP 


L*2 


134 


07623 


22 





250 


SLJ 


STPTR 


135 














136 


07624 


37 





373 


STL 


CKSUM 


137 


07625 


10 





360 


J ADD 


ACC*2) 


140 


07626 


37 





374 


STL 


0)4 I GN 


141 


07627 


12 





357 


V 8AND 


30000) 


142 


07630 


20 





232 


ZJP 


NBNW0*1 


143 


07631 


32 





373 


ENL 


CKSUM 


144 


07632 


37 





374 


NBNHD STL 


ORIGN 


145 


07633 


36 





276 


RJP 


I8NUD 


146 


07634 


01 





376 


OCR 


TORCS 


147 


07635 


21 





236 


EJP 


L*2 


150 


07636 


37 


1 


374 


STL 


ORIGN. I 


ISl 


07637 


10 





373 


ADD 


CKSUM 


152 


07640 


37 





373 


STL 


CKSUM 


153 


07641 


32 





374 


ENL 


ORIGN 


154 


07642 


10 





356 


J ADD 


1> 


155 


07643 


01 





376 


DCR 


TORCS 


156 


07644 


21 





231 


EjP 


nBnhd 


157 


07645 


32 





373 


ENL 


CKSUM 


160 


07646 


20 





217 


ZJP 


NBNBK 


161 


07647 


00 





005 


STP 


5 


162 


07650 


24 





202 


JMP 


START 



GET FIRST UORD OF NEXT BINARY BLOCK 
CHECK FOR A TRANSFER OR STOP CODE 

MORD IS A TRANSFER OR STOP CODE 

STORE AS FIRST WORD OF CHECKSUM 

HOVE ORIGIN ABOVE INTERRUPT LOCATIONS 

STORE CURRENT ORIGIN STATEMENT 

ORIGIN STATEMENT IS IN BAY ZERO 

ORIGIN NOT IN BAY ZEROl USE ACTUAL ORIGIN 

STORE CURRENT ORIGIN STATEMENT 

GET CONTENTS OF CURRENT ORIGIN STATEMENT 



WORD IS NOT A CHECKSUMI STORE CONTENTS 
PLACE WORD IN CHECKSUM AND STORE 
INCREASE ORIGN BY ONE 

WORD IS NOT A CHECKSUM! GET NEXT MQRD 
MORD IS A CHECKSUM 

9INARY BUFFER CORRECT, PROCEED WITH NEXT 
CHECKSUM ERRORI S-REGISTER SeT TO A FIVE 
RESTART BINARY LOAqeR 
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PAGE 



163 










164 


07651 


32 


1 


365 


165 


07652 


20 





254 


166 


07653 


11 





356 


167 


07654 


24 





255 


170 


07655 


32 





371 


171 


07656 


37 





374 


172 










173 


07657 


32 





360 


174 


07660 


37 





376 


175 


07661 


32 





356 


176 


07662 


37 





375 


177 


07663 


32 





376 


200 


07664 


10 





356 


201 


07665 


37 





376 


202 


07666 


32 


1 


376 


203 


07667 


37 


1 


375 


204 


07670 


32 





375 


205 


07671 


10 





356 


206 


07672 


37 





375 


207 


07673 


11 





355 


210 


07674 


20 


1 


374 


211 


07675 


24 





262 



EJE 

STPTR ENt ACC 
2JP L*3 
SUB 1) 
JMP L*2 
ENl STOP 
STl QRIGN 

ENl ACC*2) 
STL SCORE 
ENL 1) 
STL CURE 
CYCLE ENL SCORE 
ADD 1) 
STL SCORE 
ENL SCORE, I 
STL CORE. I 
ENL CORE 
ADD 1) 
STL CORE 
' 8SUB 7600'ACC-2) 
2JP ORIGN.I 
JMP CYCLE 



RESTORE ZERO DESIGNATOR 

TRANSFER CODE WAS A STOP CODE (♦0 OR -0 > 

DECREMENT TRANSFER BY ONE 

TRANSFER TO TRANSFER LOCATION 

TRANSFER To A STOP OR P-50 EXECS, 

STORE TRANSFER 



SET SHIFTED CORE INDEX 

SET CORE INDEX 

INCREMENT SHIFTED CORE INDEX BY ONE 
<NOTElONE CANNOT LOaD INTO 00000) 

SHIFT CONTENTS OF CORE DOWN TO PROPER LOC. 

INCREMENT CORE INDEX BY ONE 

MOVE BAY ZERO DOMN TO INTERRUPT LOCS. 
TERMINATE BINARY LOADER WITH LOCKOUT SET 
SHIFT ALL WORD IN BAY ZERO DOWN 



IS3 
I 

00 



DATE 4/27/65. TIME 2/53/49 P.M. 

PROJECT NO. 530053 PROGHAMMeR E.E. O.HARe TAPE NUMBER 512633 



PAGE 6 



N3 
I 

to 



212 
213 
214 
215 
216 
217 
220 
221 
222 
223 
224 
225 
22* 
227 
230 
231 
232 
233 
234 
235 
236 
237 
240 
241 
242 
243 
244 
245 
246 
247 
250 
251 
252 
253 
254 
255 
256 
257 
260 



EJE 

07676 00000 " IBNWD . , . 

07677 05 354 j eDR ♦0) 



07700 32 354 



al'701 37 C 375 



ENL ♦0) 



STu PARTY 



07702 06 372 



SDR 10R3F 



07703 06 376 



SDR TORCS 



INPUT A BINARY WORD OF THREE CHARACTERS 
CLEAR OVERFLOM DESIGNATOR 

THE FOLLOWING CONSTANT (00000) IS USED TO 
INITIALIZE THREE INDICATORS. THEIR 
INITIALIZATION AND USE ARE EXPLAINED BELOW 

THE PARTY INDICATOR IS INITlALY SET TO 
AN EVEN NUMBER, IT COUNTS THE NUMBER 
OF a!Ts IN A CHARACTER AND ThEN JT tS 
TESTED TO ASCERTAIN IF THE 
CHARACTER HAD CORRECT ODD PaHITy. 

!>•? juRsr Indicator is used to ascertain 

HHlQi- CHARaCTES (1,2, CR 3) OF THE WORD 
1$ BEING PROCESSED. THE INDICATOR IS 
SET INITIALLY TO 34 (QCTaL) AND IS 
SHIFTED WHEN THE THIRD CHARACTER IS BEING 
CHECKED. THE INDICATOR IS TESTED BY 
USING THE DESIGNATORS AS SHOWN BELOWI 

10R3F E Z P C 

INITIALLYI 1 I 1 

1ST SHIFTI I 1 1 

2ND SHIFTI 1 1 1 

3RD SHIFT! 11 

IT IS THE FIRST CHARACTER WHEN THE lORSF 
IS PLACED IN THE DESIGNATOR AND THE 
OVERFLOW DESIGNATOR IS NOT SET. IT |S 
THE THIRD CHARACTER WHEN A CARRY IS 
PROPAGATED BY A RIGHT SHIFT ON THE 10R3F. 

THE TORCS INDICATOR INITIALLY SETS BITS 
AND 13 TO A ZERO AND BIT 4 TO AN ONE. 
IF A WORD IS A TRANSFER (OR STOP C0DE)f 
BIT 4 IS SET TO A ZERO. |r A MORD IS A 
CHECKSUM, BIT 13 IS SET TO AN ONE. 
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Tape number 512633 



261 










262 


07704 


37 





377 


263 


07705 


36 





347 


264 


07706 


32 


1 


365 


265 


07707 


20 





304 


266 


07710 


27 





312 


267 


07711 


01 





375 


270 


07712 


02 


1 


365 


271 










272 


07713 


14 


1 


365 


273 


07714 


27 





317 


274 


07715 


01 





375 




07716 


02 


1 


365 




07717 


03 





376 














07720 


14 


1 


365 




07721 


27 





326 




07722 


01 





375 




07723 


05 





372 




07724 


26 





326 




07725 


02 


1 


365 




07726 


16 





376 



LOOP 



CKCSB 



CKTHB 



EJE 

stl word 
rjp input 

ENL *CC 
2JP L-2 

pjp cKcse 

OCR PARTY 
CMB ACC 

LSm ACC 
PJP CKTR8 
DCS PARTY 
CHB ACC 
SMB TORCS 

LSH ACC 
PJP CKBTS 
OCR PARTY 
EOR 10R3r 
OJP CKBTS 
CHB ACC 
RSH TORCS 



SAVE PARTIAL WORD GENERATED THUS rAR 
INPUT ONE CHARACTER 
RESET DESIGNATORS 
IGNORE BLANK TAPE 

PARITY BIT (TAPE CHANNEL 0> SET 

STRIP orr Parity bit 

CHECK rOR CHECKSUM BIT (TaPE CHANNEL 7) 

CHECKSUM bit SET 

STRIP orr CHECKSUM BIT 

SET CHECKSUM FLAG (BIT i3»l AND BIT 0»0) 

CHECK rOR TRANSrER BIT (TAPE CHANNEL 6) 

TAPE CHANNEL 6 SET 

CHECK WHETHER FIRST CHARACTER Of MORO 

NO. IT IS NOT 

TRANSFER CODE. STRIP OFF BIT 

SET TRANSFER FLAG (BIT 4«0I EVEN DESI6NTR) 



to 
I 
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307 












EJE 






310 


7727 


05 





353 


yCKBTS 


EDR 


5) 




311 


07730 


06 





347 




SDR 


SHrT5 




312 


07731 


13 





377 




EOR 


HORD 




313 


07732 


14 


1 


365 


SHirT 


LSH 


ACC 




314 


07733 


27 





334 




PJP 


L*2 




315 


07734 


01 





375 




OCR 


PARTY 




316 


07735 


01 





347 




DCR 


SHFTS 




317 


7736 


27 





331 




PJP 


SHIFT 




320 


















321 


07737 


01 





375 




OCR 


PARTY 




322 


07740 


21 





342 




EJP 


NOPER 




323 


07741 


00 





004 




STP 


4 




324 


07742 


24 





202 




JMP 


START 




325 
















to 


326 


07743 


14 


1 


365 


NOPER 


ush 


ACC 


1 

t-' 


327 


07744 


16 





372 




RSH 


10R3F 


H-' 


330 


07745 


25 


1 


276 




CJP 


IBNWD. I 




331 


07746 


24 





303 




JMP 


LOOP 




332 


















333 


07747 




00000 


INPUT 


. . . 






334 






07747 


SHPTS 


SYN 


INPUT 




335 


07750 


30 





000 


INCOM 


INT 


• • 




336 


07751 


01 


1 


354 




DCR 


PC 




337 


07752 


24 


1 


347 


rdrtn 


RTn 





CHECK REST OF BITS (TAPE CHANNEL 1-5) 
SET SHIFT FLAG TO SHIFT FIVE TIMES 
CORJ PARTIAL WORD GENERATED THUS FAR 



BIT SET, DECREMENT PARITY INDICATOR 



TEST FOR ODD PARITY 

PARITY ERRORl S-REGISTER SET TO A FOUR 
RESTART BINARY LOADER 

POSITION BINARY WORDI l»0-l, 2l0-7, 3l0-l3 
CHECK WHETHER THIRD CHARACTER OF MQRD 
RETURN WITH BINARY WORD IN ACCUMULATOR 
QET NEXT CHARACTER 



COUNTER FOR SHIFTING FIVE TIMES 

INPUT ONE CHR ON SAME CHA. AS BOOTSTRAP 

WAIT FOR INTERRUPT 

INTERRUPT RETURN 
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340 






EJE 


341 






GEN 




07753 


00005 


mro 




07754 


00000 


mro 




07755 


07475 


MRO 




07756 


OOOOl 


MRO 




07757 


30000 


MRD 




07760 


00103 


MRO 




07761 


23502 


MRO 




07762 


00102 


MRD 




07763 


07751 


MRD 




07764 


23400 


MRO 




07765 


OOlOl 


MRO 
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to 

CO 



342 










THE FO 


343 


07766 


00007 


HSRIL 


OCT 


HSRLO 




07767 


00010 


ASRIL 


OCT 


ASRLO 




07770 


00025 


RDCHL 


OCT 


RCHLO 




07771 


07601 


STOP 


OCT 


STP-i 


















07772 


lOR3r 


SYN 


STOP*l 






07773 


CKSUM 


SYN 


ST0P*2 






07774 


ORIGN 


SYN 


ST0P*3 






07775 


PARTY 


SYN 


ST0P*4 






07776 


TORCS 


SYN 


ST0P»5 






07777 


WORD 


SYN 


SfOP*6 






07775 


COUNT 


SYN 


PARTY 






07775 


CORE 


SYN 


PARTY 


360 




07776 


SCORE 


SYN 


TORCS 


361 




00000 




END 





TAPE NUMBER 512633 

THE FOLLOWING MAY BE PROGRAM INPUTS 

HIQH SPEED READER INTERRUPT LOCATION 
ASR set READER INTERRUPT LOCATION 
READER CHANNEL LOCATION FROM BOOTSTRAP 
BINARY LOADER. S TRANSFER ON STOP CODE 

riRST OR THIRD CHARACTER FLAG 

CHECKSUM LOCATION 

NEXT LOCATION TO STORE A BINARY WORD 

PARITY INDEX COUNTER 

TRANSFER OR CHECKSUM FLAG 

TEMPORARY STORAGE FOR PaRTUL RESULT 

COUNTER FOR STORING IGNORE INTERRUPTS 

CORE INDEX 

SHIFTED CORE INDEX 
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COMMAND EXECUTE TEST (D9A) 
I. Purpose of Tegt 

To verify the proper operation of each inatruction, except input and output, of the 
P-50 repertoire. 

II. Description of Test 

The program consists of an initialization routine which executes, stops and checks 
four instructions (EDR, JMP, ZJP, RJP); twenty-five routines which test the arith- 
metic and/or logic of each instruction; seventeen subroutines which verify the 
proper designator settings; and a number of error routines which display the in- 
valid instructions. 

As each instruction is tested and verified, it is added to the working repertoire of 
instructions. 

During Initialization each of four instructions is executed Individually. If it func- 
tions properly a "Stop Check" occurs, If it falls, an "Error Stop" occurs (see 
Stop Summary). Each stop enters the designators with the operation code of the 
instruction tested and places the stop number in the S- Register (bits 7-0). The 
"Stop Check" verifies the proper operation of the instruction. 

I 
Following initialization there is a brief build-up of the working repertoire of in- 
structions (ENU SUB, STL). Later on these Instructions are tested more exten- 
sively. 

The core of the program tests each instruction individually, assuming only the 
working repertoire. 

The designator subroutines check the designator settings after the execution of 
each instruction. 

m. Description of Operation 

A. Read in the binary tape of the Command Execute Test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of binary 
loader (X7602); depress the Start button. 

3. Put machine in Run mode; depress the Master Clear button. 

4. Place binary tape under the tape reader. 

5. Turn the reader on^ 

6. Depress the Start button. 

7. After the test has been read in, it will transfer to its starting location 
and begin. 



3-1 



B. The test should stop four times with the designator and S- Register set as 
follows: 

Designator S-Register (bits 7-0) 

5 1 

24 2 

20 3 

36 4 

When the stop occurs check the Designator and S-Register for the proper 
setting. If the settings are correct, depress the Start button. After the four 
Stop Checks the program will run oontlnuously. 

C. If four bays of core are not present, Stop 5 will occur once for each absent 
bay. See the Stop Summary. 

D. If another stop occurs one of the instructions is not working. Check the Stop 
Summary for the description of the stop and the location of the test routine 
in which it occurred. See the program listing for further explanation. 

If a stop other than those specified occurs, a portion of the test has either 
been loaded Incorrectly or destroyed. 

To continue testing, depress the Start button. However, unless the malfunc- 
tion of the instruction in error has been corrected, the remainder of the test 
may not work properly. 

IV. Storage 

Number of locations used: 24148 (SOOls - 74148). 
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STOP SUHHARY 

—COLUMN— —COLUMN CONTENT- 

STOP STOP NUMBER IN THE S-HE6ISTER (BITS 7-0) MHICH COINCIDES MITH AN ERROR 
NUMBER ON THE PROSRAH LISTING. FOR EXAMPLE. STOP 2iO ■ ERR210. 

DESI0NATOR OPERATION CODE Or THE INSTRUCTION BEINB TESTED, 

MNEMONIC MNEMONIC OF THE INSTRUCTION BEINB TESTED. 

TEST PR08RAM TEST NUMBER IN MHIOH THE ERROR OCCURRED. 

LOCATION LOCATION OF THE TEST HOUTINE. 



CO 

I 

CO 



CO 



STOP 


' DESiaNATOf 


) MNEMONIC 


TEST 


LOCATION 


1 


5 


EOR 


1 


^001 


2 


24 


JMP 


2 


5003 


3 


2U 


ZJP 




3006 


4 


36 


RJP 




5016 


5 


1 


STL 




5042 


5 


2 


STL 




5>053 


5 


3 


STL 




5064 



10 

11 

12 
13 
14 

15 

16 

20 
23 

24 

25 

26 



2 
2 

2 

2 

2 



OCR 



OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 
OCR 

CHB 
CNB 
CHB 
CHB 
CHB 
CHB 
CHB 
CHB 
CHB 



6A 



21 
23 
21 
23 

20 
22 
20 
21 
22 
23 
20 
21 
22 
23 
20 
22 

13 
20 
22 
20 
22 
20 
22 
20 
22 



5134 



7165 
7215 
7165 
7215 
6547 
6577 
6547 
7165 
6577 
7215 
6547 
7165 
6577 
7215 
6547 
6577 

5434 
6546 
6576 
6546 
6576 
6546 
6576 
6546 
6576 



DESCRIPTION or STOP 



CHECK STOP. SHOULD OCCUR 
CHECK STOP, SHOULD OCCUR 
CHECK STOP. SHOULD OCCUR 
CHECK STOP. SHOULD OCCUR 

STL INTO BAY 1 DID NOT MORK 
STL INTO BAY 2 DID NOT NORK 
STL INTO BAY 3 DID NOT WORK 

CONTINUOUSLY OCR THE NUMBER 
FROH THE NUMBER IN ANOTHER 
AT THE SAME TIME 
OCR NEGATIVE NUMBER SET THE 
OCR NEQaTIVE number SET THE 
OCR NEGATIVE NUMBER SET THE 
OCR NEGATIVE NUMBER SET THE 
OCR POSITIVE NUMBER DID NOT 
OCR POSITIVE NUMBER DID NOT 
OCR POSITIVE NUMBER SET THE 
OCR NEGATIVE NUMBER SET THE 
OCR POSITIVE NUMBER SET THE 
OCR NEQATIVE NUMBER SET THE 
OCR POSITIVE NUMBER DID NOT 
OCR NEGATIVE NUMBER DID NOT 
OCR POSITIVE NUMBER DID NOT 
OCR NEGATIVE NUMBER DID NOT 
OCR POSITIVE NUMBER DID NOT 
OCR POSITIVE NUMBER DID NOT 



CNB NEGATIVE 
CNB NEGATIVE 
CNB NEGATIVE 
CNB NEGATIVE 
CNB NEGATIVE 
CHB NEGATIVE 
CNB NEGATIVE 
CHB NEGATIVE 
CNB NEGATIVE 



NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 



IN ONE LOCATION AND SUBTRACT ONk 
LOCATION. BOTH DID NOT REACH ZERC 

POSITIVE INDICATOR 

POSITIVE INDICATOR 

OVERrLOH INDICATOR 

OVERFLOM INDICATOR 

SET THE OVERFLOM INDICATOR 

SET THE OVERFLOW INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET END AROUND CARRY INDICATOR 

SET THE POSITIVE INDICATOR 

SET THE POSITIVE INDICATOR 

DID NOT SET THE POSITIVE INDICATOR 
CLEARED THE OVERFLOW INDICATOR 
CLEARED THE OVERFLOW INDICATOR 
SET THE ZERO INDICATOR 
SET THE ZERO INDICATOR 
SET THE END AROUND CARRY INl^iCATOR 
SET THE END AROUND CARRY INDICATOR 
DID NOT SET THE POSITIVE INDICATOR 
DID NOT SET THE POSITIVE INDICATOR 



CHECK LOCATION TEST (6604) IT STOP INVOLVES TESTS 20-23. IT OONTAINS THE TEST NUMBER. 

P-SO l>9A SS-2 



STOP DESIGNATOR NNENDNIC TgST LOCATION 



DESCRIPTION or STOP 



30 


3 


SMB 


12 


5422 


31 


3 


SHB 


13 


5434 


33 


3 


SMB 


21 


7164 






SKB 


23 


7214 


34 


3 


SHB 


21 


7164 






SHB 


23 


7214 


35 


3 


SHB 


21 


7164 






SHB 


23 


7214 


36 


3 


SHB 


21 


7164 






SHB 


23 


7214 



60 



70 



SOR 



SOR 



10 



10 



5162 



5162 



CO 
1 


100 


10 


ADD 


15A 


5526 


1 


101 


10 


ADD 


15A 


5526 




102 


10 


ADD 


15a 


5526 




103 


10 


ADD 


15A 


5526 




104 


10 


ADD 


15A 


5526 




109 


10 


ADD 


15A 


5526 




106 


lU 


ADD 


15b 


5566 




110 
111 


11 
11 


SUB 
SUB 


6 

8 


5025 
5075 




112 


11 


SUB 


8 


5075 




113 


11 


SUB 


8 


5075 



SHB NUNBER SET THE POSITIVE 
SHB NUMBER SET THE POSITIVE 
SHB POSITIVE NUHBER CLEARED 
SHB POSITIVE NUNBER CLEARED 
SHB POSITIVE NUNBER SET THE 
SNB POSITIVE NUNBER SET THE 
SHB POSITIVE NUMBER SET THE 
SMB POSITIVE NUMBER SgT THE 
SNB POSITIVE NUNBER SET THE 
SNB POSITIVE NUNBER SET THE 



INDICATOR 

INDICATOR 

THE OVERrLOM INDICATOR 

THE OVERfLOM INDICATOR 

ZERO INDICATOR 

ZERO INDICATOR 

END AROUND CARRY INDICATOR 

END AROUND CARRY INDICATOR 

POSITIVE INDICATOR 

POSITIVE INDICATOR 



SOR IN ACCUMULATOR! SUBTRACT REAL VALUE. 
ZERO INDICATOR NOT SET 

SDR IN ACCUNULATORI SUBTRACT REAL VALUE, 
ZERO INDICATOR NOT SET 

ADD POSITIVE ZERO TO POSITIVE ZERO) 

RESULT MAS NOT POSITIVE ZERO 

ADD NEGATIVE ZERO TO POSITIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 

ADD POSITIVE ZERO TO NEGATIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 

ADD NEGATIVE ZERO TO NEGATIVE ZEROl 

RESULT MAS nOT NEGATIVE ZERO 

ADD NEGATIVE NUMBER TO POSITIVE NUMBER) 

RESULT MAS NOT NEGATIVE ZERO 

ADD POSITIVE NUMBER TO NEGATIVE NUMBER! 

RESULT MAS NOT NEGATIVE ZERO 

ERROR IN THE ADDER TEST, SEE THE PROGRAM LISTING 

SUB A NUHBER FRON ITSEL^. RESULT MAS NOT ZERO 

SUB POSITIVE ZERO TRON POSITIVE ZERO) 

RESULT MAS NOT NEGATIVE ZERO 

SUB NEGATIVE ZERO rRON POSITIVE ZEROl 

RESULT MAS NOT POSITIVE ZERO 

SUB POSITIVE ZERO TRON NEGATIVE ZEROl 

RESULT MAS NOT NEGATIVE ZERO 



CHECK LOCATION TEST (6604) IF STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER. 

P-50 D9A SS-3 



STOP DSilGNATOR MNEMONIC 

114 11 SUB 

115 H SUB 

116 11 SUB 



CO 

I 

05 



120 
121 
122 
123 

130 
131 
152 
133 

140 

141 
142 
143 
144 
145 
146 



12 
12 
12 
12 

13 
IJ 

13 
14 

14 

It 
14 
14 

14 
14 
1* 



AND 
AND 
AND 
AND 

EOR 
EOR 
EOR 
EOR 

LSH 

LSH 
LSH 
LSH 
LSH 
LSH 
LSH 



TEST LOCATION 
8 bU75 

6 tr075 

6 ;>L75 



DESCRIPTION or STOP 
SUB NEGATIVE ZERO FROH NEGATIVE ZEROI 



KA 
14A 
14A 
14A 

14B 
14B 
14B 
146 

17 

17A 

17A 

24 

24 

24 

24 



5451 
5451 
5451 
5451 

5500 
5500 
5500 
5500 

5625 

5637 
5637 
6214 
6214 
6214 
6214 



KESULT WAS NOT NEGATIVE ZERO 
SUB POSITIVE NUMBER TROM SAME 
KESULT MAS NOT NEGATIVE ZERO 
SUB NEGATIVE NUMBER TROM SAME 
RESULT HAS NOT NEGATIVE ZERO 



POSITIVE NUHBER 
NEGATIVE NUMBER 



AND POSITIVE ZERO WITH POSITIVE ZEROI 

KESULT WAS NO- POSITIVE ZERO 

AND POSITIVE ZERO M|TH NEGATIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

AND NEGATIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

AND NEGATIVE ZERO WITH NEGATIVE ZEROI 

RESULT WAS NOT NEfiATIVE ZERO 

EOR POSITIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT POSITIVE ZERO 

EOR POSITIVE ZERO WITH NEGATIVE ZEROI 

RESULT MAS NOT NEGATIVE ZERO 

EOR NEGATIVE ZERO WITH POSITIVE ZEROI 

RESULT WAS NOT NEGATIVE ZERO 

EOR NEGATIVE ZERO WITH NEGATIVE ZEROI 

HESUL'' WAS NOT POSITIVE ZERO 

LSH NEGATIVE ALTERNATE ONES TWICE 

RESULT WAS NOT NEGATIVE ALTERNATEONES 

LSH NEGATIVE ZERO. RESULT WAS NOT NEGATIVE ZERO 

LSH POSITIVE ZERO. RESULT HAS NOT POSITIVE ZFRO 

LSH ALTERNATE ONES DID NOT SET THE OVERrLQW INDICATOR 

LSH ALTERNATE ONES SET THE EVEN INDICATOR 

LSH ALTERNATE ONES SET THE ZERO INDICATOR 

LSH POSITIVE ALTERNATE ONES SET ThE POSITIVE OR 

SET THE END AROUND CARRY INDICATOR 

OR LSH NEGATIVE ALTERNATE ONES CLEARED THE POSl.IVE OR THE 

END AROUND CARRY INDICATOR 



CHECK LOCATION TEST (6604) IF STOP INVOLVES TfcSTS 20-23. IT CONTAINS THE TEST NUMBER. 

P-SO 09A SS-U 



STOP Dft>GNATOR MNEMONIC TEST LOCATION 



Description or stop 



I 



151 

152 

153 
154 
155 

15* 

15'» 

162 
Xf-.l 
16? 
1*3 
164 
IS"* 

171 
172 
173 
174 

175 

176 

177 



200 
201 
202 



15 
15 

16 

16 

16 



1 f. 
1*1 
1 f ■ 

1£ 

17 
17 
17 
17 

16 
16 
16 



20 
20 

20 



LSH 
LSH 

RSH 
RSH 
RSH 
RSH 
RSH 

RSH 

RSH 

SSH 
RSH 
RSH 
PCH 
P5M 
kSH 
KSH 
RSH 
RSH 

RSH 
RSH 
RSH 
RSH 

RSH 

RSH 

RSH 



ZJP 
2JP 
ZJP 



17B 
178 

21 
23 

21 
23 
21 

23 

21 
23 

21 
23 

IB 
1* 

le.A 

18a 
18A 
18A 

18B 

lea 

18B 
18B 

20 
22 
20 
22 

20 

22 



b652 
5652 

7164 
7214 
7164 
7214 
7164 

7214 

7164 
7214 
7164 
7214 

6044 
6044 
6074 
t074 
6074 
6074 

6122 
6122 
6122 
6122 

6546 
6576 
6546 
6576 
6546 

6576 



LSH 
LSH 

RSH 
RSH 
RSH 
RSH 

RSH 
SET 
RSH 
SET 

RSH 
RSH 
RSM 

rtSH 
RSK 

RSH 
RSH 
RSH 
RSH 

RSH 



POSITIVE 
NEGATIVE 

NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
THE EVEN 
NEGATIVE 
THE EVEN 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
POSITIVE 
POSITIVE 
POSITIVE 
NEGATIVE 
NEGATIVE 



ZERO, 
ZERO. 



RESULT 
RESULT 



MAS 

HAS 



NOT 
NOT 



POSITIVE 
NEGATIVE 



ZERO 
ZERO 



RSH 
RSH 
RSH 
RSH 
RSH 
DID 
RSH 
010 



NUMBER SET THE 
NUMBER SET THE 
NUMBER SET THE 
NUMBER SET THE 
NUMBER WITH BI 
INDICATOR 
NUMBER WITH B! 
INDICATOR 
NUMBER CLEARED 
NUMBER CLEARED 
NUH9ER SET 2ER 
NUMSE'^ SET ZER 
ALT~!lNAT£ ONES 
ALTERNATE ONEi 
ZeRQ. RESUL'!' M 
ONE« RESULT NA 
ZERO, RESULT H 
ONE. RESULT MA 



END AROUND CARRY INDICATOR 
END AROUND CARRY INDICATOR 
POSITIVE INDICATOR 
POSITIVE INDICATOR 
TS 1-0 SET TO ZERO 

TS 1-0 SET TO ZERO 



OVERrLOM INDICATOR 
OVERFLOW INDICATOR 
INDICATOR 
INDICATOR 
i SEE THE PROQHAH LIS" 
J SEE THE PROGRAM L!*^* 
AS NOT POSITIVE 2EH0 
S NOT POSITIVE ZERO 
AS NOT NEi^ATIVE ZERO 
S NOT NEGATIVE ZERO 



iNG 



RSH POSITIVE ZERO. RESULT HAS NOT POSITIVE ZERO 
RSH POSITIVE ONE, RESULT MAS NOT POSITIVE ZERO 
RSH NEGATIVE ZERO, RESULT HAS NOT NEGATIVE ZERO 
RSH NEGATIVE ONE, RESULT MAS NOT NEGATIVE ZERO 



POSITIVE 
POSITIVE 
POSITIVE 
POSITIVE 
POSITIVE 
NOT SET 



NUMBER 
NUMBER 
NUMBER 
NUMBER 
NUMBER 
THE EVEN 



SET 
SET 
DID 
DID 



THE 
THE 
NOT 
NOT 



END 
END 
SET 
SET 



MITm bits 1' 
INDICATOR 



AROUND CARRY INDICATOR 
AROUND CAHRT INDICATOR 
THE POSITIVE INDICATOR 
THE POSITIVE INDICATOR 
SET To ZERO 



POSITIVE NUMBER HITH BITS 1-0 SET Tq ZERO 
NOT SET THE EVEN INDICATOR 



3 5006 
10 5162 
OSIGCK 6605 



MITH THE ZERO INDICATOR SET. ZJP DID NOT OCCUR 
HITH THE ZERO INDICATOR SET, ZJP DID NOT OCCUR 
EDR ZERO SET THE ZERO INDICATOR 



CHECK LOCATION TEST (6604) ir sTQP INVOLVES ^ESTS 20-23. IT CONTAINS THE TEST NUMBER, 

P-50 D3A SS-5 



303 



304 



10 



10 



309 



30* 



307 



10 



10 



10 



CO 
00 



310 



311 



10 



10 



lEHONIC 


TEST 


lucation 




SUB 


20 


6542 


SUB 
DID 


ADD 


22 


6572 


ADD 
DID 


SUB 


20 


6542 


SUB 
DID 


SUB 


21 


7160 


SUB 
DID 


ADD 


22 


6572 


ADD 
DID 


ADD 


23 


7210 


ADO 
DID 


Sub 


21 


7160 


sue 

SET 


ADD 


23 


7210 


ADD 
SET 


SUB 


21 


7160 


SUB 
DID 


ADD 


23 


7210 


ADO 
OlD 


SUB 


20 


6544 


SUB 
DID 


SUB 


21 


7162 


SUB 
DID 


ADD 


22 


6574 


ADD 
DID 


ADD 


23 


7213 


ADD 
DID 


SUB 


20 


6544 


SUB 
SET 


ADD 


22 


6574 


ADD 
SET 


SUB 


20 


6544 


SUB 
SET 


SUB 


21 


7162 


SUB 
SET 


ADD 


22 


6574 


ADO 
SET 


ADD 


23 


7213 


ADO 
SET 



DESCRIPTION or STOP 

NEGATIVE NUMBER MITh HESULT POSITIVEI 

NOT SET THE POSITIVE INDICATOR 

TMO POSITIVE NUMBERS MITH RESULT POSITfVEl 

NOT SET THE POSITIVE INDICATOR 

NEGATIVE NUHBER WITH RESULT POSITIVEI 

NOT SET THE EVEN INDICATOR 

POSITIVE NUMBER MITH RESULT NEGATIVE! 

NOT SET THE EVEN INDICATOR 

TWO POSITIVE NUMBER MITH RESULT POSlTfVEl 

NOT SET THE EVEN INDICATOR 

TMO NEGATIVE NUMBER MITH RESULT NGQATIVEl 

NOT SET THE EVEN INDICATOR 

POSITIVE NUMBER MITH RESULT NECATIVEI 

THE POSITIVE INDICATOR 

TMO NEGATIVE NUMBER MITH RESULT NEQaTIVEI 

THE POSITIVE INDICATOR 

POSITIVE NUMBER MITH RESULT NE6ATIVEI 

NOT SET END AROUND CARRY INDICATOR 

TMO NEGATIVE NUMBER MITH RESULT NE6AT1VEI 

NOT SET END AROUND CARRY INDICATOR 

NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

NOT SET THE OVERFLOM INDICATOR 

POSITIVE NUMBER FROM NEGATIVE MITH RESULT POSITIVEI 

NOT SET OVERFLOM INDICATOR 

TMO POSITIVE NUMBERS MITH RESULT NE6ATIVE 

NOT SET OVERFLOM INDICATOR 

TMO NEGATIVE NUMBERS MITH RESULT POSITIVEI 

NOT SET OVERFLOM INDICATOR 

NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

THE POSITIVE INDICATOR 

TMO POSITIVE NUMBERS MITH RESULT NEQATfVE 

THE POSITIVE INDICATOR 

NEGATIVE NUMBER FROM POSITIVE MITH RESULT NEGATIVE 

THE ZERO INDICATOR 

POSITIVE NUMBER FROM NEGATIVE MITH RESULT JSITIVEI 

THE ZERO INDICATOR 

TMO POSITIVE NUMBERS MITH RESULT NEGATIVE 

THE ZERO INDICATOR 

TMO NEGATIVE NUMBERS MITH RESULT POSITIVEI 

THE ZERO INDICATOR 



CHECK LOCATION TEST (66U4) IF STOP INVOLVES TESTS 20-23. 

P-50 D9A SS-7 



IT CONTAINS THE TEST NUMBER. 



STOP DltlGNATOR 



CO 



210 
211 

221 

231 

240 

250 
251 

260 
261 

270 
271 

300 



301 



302 



21 

21 

22 

29 

24 

25 
25 

26 
26 

27 
27 

10 



DESCRIPTION or STOP 

EDR ZERO SET THE EVEN INDICATOR 

KITH THE EVEN INDICATOR SET. EJP DID NOT OCCUR 

SLJ. BUT JUHP DID NOT OCCUR 

CLJ. BUT JUHP DID NOT OCCUR 

JHP DID NOT OCCUR 

EDR ZERO SET THE END AROUND CARRY INDICATOR 

MITH THE END AROUND CARRY INDICATOR SETj CjP DID NOT OCCUR 

EDR ZERO SET THE OVERruOM INDICATOR 

WITH THE OVERFLOW INDICATOR SET, OJP DID NOT OCCUR 

EDR ZERO SET THE POSITIVE INDICATOR 

WITH THE POSITIVE INDICATOR SET, PJP QlD NOT OCCUR 

SUB NEGATIVE NUMBER WITH RESULT POSlTlVEl 

SET THE OVERrLOW INDICATOR 

SUB POSITIVE NUMBER WITH RESULT NEGATlVEl 

SET THE OVERFLOW INDICATOR 

ADD TWO POSITIVE NUMBER WITH RESULT POSUlVEl 

SET THE OVERFLOW INDICATOR 

ADO TWO NEGATIVE NUMBER WITH RESULT NEBATIVEI 

SET THE OVERFLOW INDICATOR 

SUB NEGATIVE NUMBER WITH RESULT POSIT|VEI 

SET THE ZERO INDICATOR 

SUB POSITIVE NUMBER WITH RESULT NEGAT|VEI 

SET THE ZERO INDICATOR 

ADD TWO POSITIVE NUMBERS WITH RESULT PQSITIVEl 

SET THE ZERO INDICATOR 

ADD TMO NEGATIVE NUMBERS WITH RESULT NifiATIVEl 

SET THE ZERO INDICATOR 

SUB NEGATIVE NUMBER WITH RESULT POSITIVE! 

SET THE END AROUND CARRY INDICATOR 

ADD TMO POSITIVE NUMBERS WITH RESULT POSITlVEl 

SET ^HE END AROUND CARRY INDICATOR 

CHECK LOCATION TEST (6604) IT STOP INVOLVES TgSTS 20-23. |T CONTAINS THE TEST NUMBER. 



10 



10 



MNEMONIC 


TEST 


LOCATION 


EJP 

EJP 


19 
19 


6153 
6153 


SLJ 


25 


6236 


CLJ 


25 


6240 


JMP 


2 


5003 


CJP 
CJP 


16 
16 


5606 
5606 


OJP 
OJP 


19A 
19A 


6170 
6170 


PJP 
PJP 


11 
11 


5230 
5239 


SUB 


20 


6342 


SUB 


21 


7160 


ADO 


22 


6572 


ADD 


23 


7210 


SUB 


20 


6542 


SUB 


21 


7160 


ADD 


22 


6572 


ADD 


23 


7210 


SUB 


20 


6542 


ADD 


22 


6572 



P-SO D9A SS-6 





STOP 01 


ES-I 6NAT0R 


HNEHONIC 


TEST 


LOCATION 




351 


12 


AMD 


20 


6546 








AND 


21 


7164 








AND 


22 


6576 








AND 


23 


7214 




352 
S53 


12 
12 


AND 
AND 
AND 
AND 
AND 


20 
21 
22 
23 
20 


6546 
7164 
6576 
7214 
6546 








AND 


22 


6576 




154 


12 


AND 


20 


6546 








AND 


22 


6576 




355 


12 


AND 


21 


7164 








AND 


23 


7214 


CO 


3SA 


12 


AND 


21 


7164 


l-» 
o 






AND 


23 


7214 




357 • 
360 


13 
13 


EOR 
EOR 


20 
20 


6552 
6552 




361 

362 
363 


13 

13 
13 


EOR 
EOR 
FOR 
EOR 


20 
21 
21 

21 


6552 
7170 
7170 
7170 



DESCRIPTION or STOP 

AND POSITIVE NUHBERI DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND NEGATIVE NUHBERl 010 NOT SET 

THE END AROUND CARRY INDICATOR 

AND POSITIVE NUHBERI DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND NEGATIVE NUHBERI DID NOT SET 

THE END AROUND CARRY INDICATOR 

AND POSITIVE NUHBERI SET THE ZERO INDICATOR 

AND NEGATIVE NUHBERI SET THE ZERO INDICATOR 

AND POSITIVE NUHBERI SET THE ZERO INDICATOR 

AND NEGATIVE NUHBERI SET THE ZERO INDICATOR 

AND POSITIVE NUHBER UITH BIT SET TO ZEROl 

DID NOT SET THE EVEN INDICATOR 

AND POSITIVE NUNBER MITH BIT SET 70 ZEROl 

DID NOT SET THE EVEN INDICATOR 

AND POSITIVE NUNBER UlTH B|T 13 SET TO ONEI 

DID NOT SET POSITIVE INDICATOR 

AND POSITIVE NUHBER MITH BIT 13 SET TO OHEl 

DID NOT SET THE POSITIVE INDICATOR 

AND NEGATIVE NUHBER WITH BIT 13 SET TO ONEl 

SET THE POSITIVE INDICATOR 

AND NEGATIVE NUNBER MITH BIT 13 SET TO ONEl 

SET THE POSITIVE INDICATOR 

AND NEGATIVE NUHBER MITH BIT SET TO ZEROl 

SET THE EVEN INDICATOR 

AND NEGATIVE NUHBER MITH BIT SET TO ZERO) 

SET THE EVEN INDICATOR 

EOR POSITIVE NUHBERI CLEAR THE OVERFLOW INDICATOR 

EOR POSITIVE NUHBER MITH ALL ONES 

SET THE POSITIVE INDICATOR 

EOR POSITIVE NUHBER MiTH ALL ONESi SET THE ZERO INDICATOR 

EOR NEGATIVE NUNBER MITH ALL ONEBl SET THE ZFRO INDICATOR 

EOR NEGATIVE NUHBERI SET THE OVERFLOM INDIC- 3R 

EOR NEGATIVE NUHBER WITH ALL ONES 

DID NOT SET THE POSITIVE INDICATOR 



CHECK LOCATION TEST (6604; |P STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUNBER. 

P-SO l>«A SS.9 



STOP DfitlGNATOR HNEMONIC TgST 



CO 



312 



313 



314 



320 
321 

322 

323 

324 

330 
334 
339 
336 
337 

350 



lU 



lU 



10 



32 

32 

32 
32 
32 

32 
32 
32 
32 

32 

12 



SUB 
AUD 
SOB 
ADD 
SUB 
ADD 



ENL 
ENL 
ENL 
ENL 
EN> 
ENL 
ENL 
ENL 
ENL 

ENL 

ENL 
ENL 
EN. 
ENL 
ENL 
ENL 
ENL 
ENL 

AND 
AND 
AND 
AND 



20 
22 
21 
23 
21 
23 



5 

20 
22 
20 
22 
20 
22 
20 
22 



21 
23 
21 
23 
21 
23 
21 
23 

20 
21 
22 
23 



LOCATION 
6544 
6574 
ri62 
'213 
7162 
7213 



5017 
6S40 
65715 
654U 
6570 
6540 
6570 
6540 
6570 



7157 
7206 
7157 
7206 
:'157 
7206 
7:57 
7206 

6546 
7164 
6576 
7214 



DESCRIPTION OF STOP 

SUB NEGATIVE NUMBER TROH POSITIVE MITH RESULT NEGATIVE 

SET The END AROUND CARRY INDICATOR 

ADO TWO POSITIVE NUHBERS MITH RESULT N66ATIVE 

SET THE END AROUND CARRY INDICATOR 

SUB POSITIVE NUMBER rROH NEGATIVE MITH RESULT POSITIVEI 

DID NOT SET THE POSITIVE INDICATOR 

ADD TMO NEGATIVE NUMBERS MITH RESULT POSITIVE! 

DID NOT SET THE POSITIVE INDICATOR 

SUB POSITIVE NUMBER FROM NEGATIVE MITH RESULT POSlTlVEl 

DID NOT SET END AROUND CARRY INDICATOR 

ADD TMO NEGATIVE NUMBERS MITH RESULT POSITIVEI 

DID NOT SET END AROUND CARRY INDICATOR 



ENL MITH 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 
ENL POSI 



ZERO. THE ZERO 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER SET 
TIVE NUMBER DID 
TIVE NUMBER DID 



INDICATOR NOT SET 
THE OVERrLOM INDICATOR 
THE OVERrLOM INDICATOR 
THE ZERO INDICATOR 
THE ZERO INDICATOR 
THE END AROUND CARRY 

THE END AROUND CARRY 

NOT SET THE POSITIVE INDICATOR 
NOT SET THE POSITIVE INDICATOR 



INDICATOR 
INDICATOR 



5022 ENL MITH ZEROl THE ZERO INDICATOR NOT SET 



ENL NEGATIVE NUMBER SET THE OVERFLOM INDICATOR 

ENL NEGATIVE NUMBER SET THE OVERFLOM INDICATOR 

ENL NEGATIVE NUMBER SET END AROUND CARRY INDICATOR 

ENL NEGATIVE NUMBER SET END AROUND CARRY INDICATOR 

ENL NEGATIVE NUMBER SET THE ZERO INDICATOR 

ENL NEGATIVE NUMBER SET THE ZERO INDICATOR 

ENL NEGATIVE NUMBER SET THE POSITIVE INDICATOR 

ENL NEGATIVE NUMBER SET THE POSITIVE INDICATOR 

AND POSITIVE NUMBER! CLEAR THE OVERFLOM INDICATOR 

AND NEGATIVE NUMBERI CLEAR THE OVERFLOM INDICATOR 

AND POSITIVE NUMBER! CLEAR THE OVERFLOM INDICATOR 

AND NEGATIVE NUMBER! CLEAR THE OVERFLOW INDICATOR 



CHECK LOCATION TEST (6604) if STOP INVOLVES TESTS 20-23. IT CONTAINS THE TEST NUMBER, 

P-50 D9A SS-S 



STOP 


PSSIQNATOR 


NNEHONIC 


TEST 


LUCATION 




370 


37 


STL 


7 


»03S 


STL A NUNBERl 


371 


37 


STL 


9 


S145 


STL A NUMBER 1 


572 


37 


STL 


21 


7172 


STL POSITIVE 


373 


37 


STL 


20 


6554 


STL NEGATIVE 


374 


37 


STL 


20 


6554 


STL NEGATIVE 






STL 


21 


7172 


STL POSITIVE 


379 


37 


STL 


20 


6554 


STL NEGATIVE 






STL 


21 


7172 


STL POSITIVE 


37« 


37 


STL 


20 


6554 


STL NEGATIVE 


377 


37 


STL 


21 


7172 


STL POSITIVE 



OCSCRfPTION or STOP 

SUBTRACT ITI THE 2ER0 INDICATOR NOT SET 
SUBTRACT ITI THE ZERO INDICATOR NOT SET 

NUNBER. SET THE OVERFLOW INDICATOR 

NUNBERr CLEAR THE OVERFLOW INDICATOR 

NUMBER. SET THE ZERO INDICATOR 

NUMBER. SET THE ZEHO INDICATOR 

NUMBERl SET END THE AROUND CARRY INDICATOR 

NUMBERI SET END THE aROUnD CaRRV INDICATOR 

NUMBERl SET POSITIVE INDICATOR 

NUMBERI DID NOT SET THE POSITIVE INDICATOR 



OHCCK LOCATION TEST (6604} IF STOP INVOLVES TESTS 20-23. fT CONTAINS THE TEST NUNBiR. 



CO 

I 



to 



P-SB W9k SS-10 



CO 

CO 



OA-E 3/22/69. IHE ll/27/0< » h 
PHOJECT NU, SJOObj PROGRAMMEH J . S: , 

1 
2 

S 

4 
5 
6 
7 

10 OSK 

11 

12 

13 

14 

19 

16 

17 

20 

21 ENH 

22 

23 

24 

29 

26 HNE 



PAUE 



PHILLIPP; APE NUMdEM «)4&il6 

COHNAND EXECUTE TEST 

PHOURAH LIBRARY 
PK06RAH NO. P-90 09A 



OECNEHENT COUNTER NACRO 
tlAC INDEX. TEST, LOOP 
OCR INDEX 
^JP TEST 
JHP LOOP 
'few 

ERROR STOP NACRO 

ERR ABC MHERE ABC IS SONE NUNBER REFgRS TO STOP ABC 

S-RE6ISTER CONTAINS ABC 

DfeSlCNATOR CONTAINS AB (IN MOST CASES) 
MAC Al.AZ.JUHP 
EUR Al 
iTp A2 
JHP JUMP 
TfaK 
V^O S.l.H 



DATF 3/22/65. TINE 11/2V/52 A,M 

PROJECT NO, 9i005J PROCRAHNER J.E PHILi.IPPI TAPE NUMBER 94S11* 



PACE 2 



Co 
I 



27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 
49 
46 
47 
90 
$1 
S2 
93 
94 
99 
96 
97 
60 
61 
62 
63 
64 
69 
66 
67 
70 
71 
72 
73 
74 
79 
76 



kJk 



ir A STOP IS DESIrtEO AFTER QNi CYCLE< DO THE rOL.LUMIN& 

SINCE THERE IS A TRANSFER CODE AT THE END OF THE Tape, 
THE TEST MILL BEGIN INNEDIATELY AfTgR IT IS READ IN 
HOMEVER» AFTER ONE INSTRUCTION HAS BEEN EXECUTED. The 
MACHINE WILL STOP MITH THE S-RE61STER (BITS 7^0) SET 
TO 1 THIS IS THE FIRST CMECK S^QP OF THE TEST 



1 
2 

3 
4 
9 
6 
7 
8 

9 
10 
11 
12 
13 

14 

19 



NHEN STOP 1 OCCURS* DEPRESS THE STOP BUTTON. 
PUT THE MACHINE IN MRITE NODE, 
DEPRESS THE MASTER CLEAR BUTTON, 
USIN6 THE PROBE. LOAD THE S-RE6I$TER MITH 6244, 
U5IN6 THE PROBE. LOAD THE X-REBISTER MITH 6, 
DEPRESS THE START BUTTON. 
DEPRESS THE MASTER CLEAR BUTTON, 
USIN6 THE PROBE. LOAD THE X>RE6ISTER MITH THE 
STARTING LOCATION OF THE TEST. 5000. 
DEPRESS THE START BUTTON. 
PUT THE MACHINE IN RUN NODE. 
DEPRESS THE MASTER CLEAR BUTTON, 
DEPRESS THE START BUTTON. 

THE TEST SHOULD RUN THROUGH ONE CYCLE. STOPPING 
AT THE FOUR CHECK STOPS AND CONTINUING. 
MHEN ONE CYCLE IS COMPLETE. THE MACHINE HILL i>^OP 
MITH THE $-RE6ISTER (BITS /•0> SET TO 6. 
ONE CYCLE RUNS FOR 14 SECONDS, 



TO RESTORE THE CONTINUOUS CYCLING OF THE TEST. DU 
THE F0L0HIN6I 



DEPRESS THE STOP BUTTON. 

PUT THE NACHINE |N MRFTE MODE- 

DEPRESS THE MASTER CLEAR BUTTON. 

USING THE PROBE. LOAD THE S-REGISTEK MITh 6244. 

USING THE PROBE. LOAD THE X.RE6ISTER MITH 24749. 

DEPRESS THE START BUTTON. 

DEPRESS THE MASTER CLEAR BUTTON. 

USING THE PROBE. LOAD THE X.registER MITH THE 

STARRING LOCATION OF THE TEST, 50BO. 



DATE 3/22/65. 'inS 11/^9/^6 a n PAGE 3 

P90.E:T no. 93005i ^HOGRaM^EH ..E PNILLIPPI 'ape number 145116 

77 9, DEPRESS 'HE START BUTTON. 

100 10 PU<^ THE HACHINE IN RUN NODE. 

ICl ll.DEPRESS THE HASTER CLEAR BUTTON: 

192 y/: DEPRESS 'HE START BUTTON. 

103 13. THE "ES^ MILL RUN CONTINUOUSLY AFTER ST0PPIN6 At 

104 THE CHECK S^OPS, 



CO 
I 



oi 



DATE 3/22/69. TIHE H/2V/57 A.M. 

PROJECT tiO. 530053 PROSRAMMgH J.fe. PHILLIPPI TAPE NUHBgR 345116 



PAGE 4 



CO 

I 



1D9 
106 
107 
110 
111 
112 
113 
114 
115 
llA 
117 
1X0 
121 
122 
143 
124 
135 
116 
1?7 
130 
IJl 
132 
133 
134 
135 
136 
137 
140 



05001 



EJE 



80HG 5001 



OBOOl 
09002 



05 377 
04001 



^TESTOISEOR 5) 

NNE 4.,1 



09003 24 010 

09004 09 376 

09005 00 240 



TEST02 JMP L*6 
8EDR 24) 
8STP 240 



INITIALLY THE PROGRAM STOPS AT 4 CHECK STOPS 



TEST 01 EDR 

ENTER DESIGNATOR NITH A NUMBER N, Na5. AND STOP 

S-REGISTER IS 1 

IF DESIGNATOR IS N. ASSUME EDH MORKS 

IF DESIGNATOR IS NOT N 

1. CHECK LOCATION 5377 SHOULD BE 5 

2. IF LOCATION IS 5, EDR DOES NOT MORK 

3. IF LOCATION IS NOT 5. MAKE IT 5 AND RESTART 



TEST 02 JMB 

JUMP AND STOP 

DESIGNATOR IS 24 

IF S-REGISTER IS 2* ASSUME JMP HORKS 

IF S-REGISTER IS 240i JUMP DID NOT OCCUR 

COMPARE LOCATION 5003 M|TH LISTING 



DATi 3/32/69. TIME 11/30/00 A.M. 

^ROJICT MO, 990053 PROGRAHNER J,E. PHILLIPRI TAPE NUMBER 34»li« 



PA6E 9 



141 



EJE 





142 














14S 














144 














149 














144 














147 














190 














191 




09 


979 


VTE5T090EOR 10) 




US 




20 


019 




ZJP L*9 




in 




24 


267 




JNP ERR200 




114 




09 


976 




OEOR 24) 




1S9 






04002 




NNE 4., 2 




Uft 




24 


009 




JNP TiST09 




117 




09 


974 


J 


OEOR 20) 


1 


Its 

Ml 






04009 




NNE 4.. 9 


-a 


1*4 

&if 

t«7 

t7« 
171 














173 


It901* 


96 


299 


TES 


T04 RJP STOPCK 



TEST 09 ZJP 

ENTER DESI8NAT0R WITH ZERO INDICATOR ANQ ZERO JUMP 

OESIONATOR IS 20 

If S-RE6tSTER IS 9. ASSUNE ZJP UORKS 

IF S-REGISTER IS 2t0. JUMP 010 NOT OCCUR 

CHECK LOCATION 9979 SHOULD RE 10-IERO INOICATON 



TEST 04 RJP 

RETURN JUMP AND STOP 

OESIONATOR IS 96 

IF S-Rfi6ISTBR IS 4. ASSUNE RJP NORKS 

IF STOP DOES NOT OCCUR* JUNP DID NOT OCCUR 

CHECK LOCATION 9016 COMPARE H(TH LISTIN6 



DATE S/22/«9. TINE 11/90/09 A.M. 

PROJECT NO. 990099 PR06RANNER J.i. PHILLIP^I TAPE NUNBER 94911* 



TEST 09 ENL 



PACE * 



00 

I 



179 










EJE 




t74 














179 














17* 














177 














too 














<01 














ao2 














203 














204 














209 


09017 


92 





379 


VTEST09 ENL 


0) 


20* 


09020 


20 





021 


2JP 


L*2 


207 


09021 


24 





272 


JNP 


ERR320 


210 














tu 


09022 




99973 


•NNE 


99. .979 


212 


09029 


20 





024 


ZJP 


TESTO* 


219 


09024 


24 





929 


JNP 


ERR990 


tl4 














219 














216 














217 














220 












1 


221 














an 














223 














224 














229 














22* 


09029 


92 




972 


vrEST0*8ENL 


2147*) 


227 


0902* 


11 




971 


V SUB 


ACC 


290 


09027 


20 




090 


ZJP 


L*2 


291 


09090 


24 




279 


JNP 


ERRllO 


222 


09091 


92 




970 


J OENL 


1*901) 


239 


09092 


11 




971 


SUB 


ACC 


294 


09099 


20 




094 


ZJP 


TE$T07 


219 


09094 


24 




279 


JNP 


ERRllO 



ENTER ACCUHULATOR MITH ZERO AND ZERO JUNP 
IF STOP OCCURS 

Ic S-REGISTER IS 920 

2, DESIGNATOR IS 92 

9. CHECK ACCUNULATOR 101 SHOULD BE ZERO 

4c CHECK LOCATION 9379 SHOULD BE ZERO 
ir LOCATION IS ZERO. ENL DOES NOT MORK 



ENL (99) 



SUBTRACT N. ZjP 



TEST 0* SUP 

ENTER ACCUHULATOR MfTH SONE NUNBER N* 
IF STOP OCCURS 

1. S-REGISTER IS 110 

2. DESIGNATOR IS II 

3. CHECK ACCUMULATOR 101 SHOULD BE ZERO 
IF ACCUHULATOR NOT ZERO. SUB DOES NOT HONK 



•ATE l/t2/M. TIHE 11/90/07 A.N, 

PMJSCT M. 9I«0S3 PROORANNER J.i. PHILLIPPI TAPE NUHBER 345116 
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TEST 07 STL 

ENTER ACCUMULATOR MITM SOME NUHBER H, STORE N IN Y 
SUBTRACT Y. ZERO JUHP 
IF STOP OCCURS 

1. S-RE6ISTER IS 370 

2. OESIQNATOR IS 1? 

3. CHECK ACCUNULATCi) SHOULD BE ZERO 

4. CHECK LOCATIONS 5367 5263 SHOULD BE EQUAL 
\r NOT EQUAL STL DOES NOT MORK 
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IN TMREE OTHER BAYS OF CORE 
IF STOP OCCURS S REGISTER IS b 
Xc DESI6NAT0R IS 1 

SAY 1 DOES NOT EXIST OR 

N STORED INCORRECTLY IN Y Y IS 17776 

V AND LOCATION 5972 SHOULD OE EQUAL 
2. OESISNA'OR IS 2 

BAY 2 DOES NO' EXIST OR 

N STORED INCORHECTLY JH Y Y IS 2/776 

V AND LOCATION 5370 SHOULD OE EQUAL 
4. DESIGNATOR IS i 

BAY 3 DOES NOT EXIST OR 

N STORED INCORRECTLY IN Y Y IS 37776 

V AND LOCATION 5372 SHOULD BE EQUAL 
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TEST BA OCR 

CHECK OECREHENT MITH SUBTRACT 

ENTER ACCUMULATOR MITH N, STOKE N IN Y 

SUBTRACT I AND OiCREHENT Y CONTINUOUSLY 

JUMP WHEN ACCUMULATOR ZERO 

IF STOP OCCURS 

1. S-REGISTER IS 10 

2. OiSIQNATOR IS 1 

3. CHECK ACCUMULATOR 101 SHOULD BE ZERO 

4. CHECK LOCATION 5263 SHOULD BE ZERO 
IP NOT ZERO DCR DOES NOT MqRk 
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SAME AS TEST 07 ONLY MORE EXHAUSTIVE 
TESTS 10000 NUMBERS 
IF STOP OCCURS 

1. S<REG|STER IS i71 

2. OESIGNATOR IS 37 

3. CHECK ACCUMULATOR 101 SHOULD BE ZERO 

4. CHECK LOCATIONS 5263 5264 SHOULD BE EQUAL 
IF NOT EQUAL STL DOES NOT HQRK 
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ENTER OESIQNATOR MITH N-37-80, 17-10 (ZERO INDICATOR) 

ZERO JUHP TO STORE OESIONATQR IN Y 

ENTER ACCUHULATOR WITH Y, SUBTRACT N* ZERO JUHP 

IF STOP OCCURS 

1. S-RE6ISTER IS 201 
OESIQNATOR IS 20 

CHECK INITIALIZER 5346 SHOULD BE 37 
CHECK COUNTERS 5362 IS 2 5375 IS 10 
N LOCATION 5263 HAS RANGE 37-SO. 1?-10 
THIS IS ZERO INDICATOR (BIT 3) 

2. S-REfilSTER IS 60 
DESIGNATOR IS 6 

CHECK LOCATIONS 5862 5863 SHOULD BE EQUAL 
ir NOT EQUAL SDR DOES NOT WORK 
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TEST 11 PJP 

ENTER OESIONaTOR MITM POSITIVE INDICATORS AND PJP 
ir STOP OCCURS DESIGNATOR IS 27 

1. S-REGISTER IS 270 

INITIAL CHECK - ENTER DESIGNATOR WITH ZERO 

AND POSITIVE JUMP TO STOP 

CHECK LOCATION 5373 SHOULD BE ZERO 

ir ZERO. PJP OCCURS WITHOUT PROPER INDICaTqr 

2. S-REOISTER IS 271 
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07261 


12 


335 


J 


BAND 


37774) 




2310 


07262 


26 


263 




OJP 


L*2 




2311 


07263 


24 


1 334 


J 


JMP 


ERR350 




2312 


07264 


27 


122 




PJP 


fcRR355 





TESTS 21, 23 



RESULT NEGATIVE 



RESULT POSITIVE 



DATE 3/22/65. M HE H.M.5/06 A.M. 

PROJECT NO, 5i0053 PROGRAMMER j.E PHULIPPJ TAPE NUMB6« 345116 



PA6E 61 



CO 
I 

CO 



2313 


07265 


20 


1 3J3 


/ 2JP 


ERR352 


2314 


07266 


25 


26.' 


CJP 


L*2 


2315 


07267 


24 


1 3i2 


J JMP 


bRR35l 


2316 


072/0 


21 


125 


EJP 


ERR356 


2317 


07271 


16 


1 33/ 


hsh 


4CC 


2320 


07272 


27 


10<> 


PJP 


ERR154 


2321 


07273 


25 


IQi 


CJP 


EHR153 


2922 


07274 


26 


275 


OJP 


L*2 


2323 


07275 


24 


114 


JMP 


ERR156 


2324 


07276 


21 


ni 


fcJP 


fc8H155 


2325 


07277 


20 


117 


^JP 


ERR157 


2326 


07300 


05 


1 331 


J bOR 


ZERO 


2327 


07301 


24 


1 252 


HTn 




2330 










OCR NEGATIVE • 


2331 


07302 




00000 


J213EE ... 




2332 


07303 


26 


015 


OJP 


ERR012 


2333 


07304 


20 


1 330 


J UP 


ERR014 


2334 


07305 


25 


306 


CJP 


L»2 


2336 


07306 


24 


1 327 


J JMP 


ERR015 


2336 


07307 


27 


01^ 


PJP 


ERROll 


2337 


07310 


24 


1 302 


ktn 




2340 










COMPLEMENT NEGATIVE 


2341 


07311 




00000 


J2i3rr ,., 




2342 


07312 


26 


100 


OJP 


ERR3&2 


2343 


07313 


27 


314 


PJP 


L*2 


2344 


07314 


24 


075 


JMP 


ERR363 


2349 


07315 


20 


1 326 


y 2JP 


ERR361 


2346 


07316 


24 


I 311 


RTN 




2347 










STL POSITIVE • 


2350 


07317 




00000 


J2136Q .;, 




29S1 


• 7320 


26 


020 


OJP 


ERR372 


2352 


07321 


25 


136 


CJP 


ERR375 


2S53 


• 7322 


20 


193 


2JP 


ERR374 


2154 


• 7323 


27 


324 


PJP 


L*2 


2355 


• 7324 


24 


023 


JHP 


tRH377 


2956 


• 7325 


24 


1 317 


RTN 




2957 








6EN 






• 7326 




06520 


MKD 






• 7327 




06507 


MKD 






07330 




06504 


MHO 





1*T6 ^/2?/6S. TIHE ll/iJ/lO A.H, 

:CT NO. 5O0053 PROGRAHMER J.fc. PHJ^lIP^I UPE NUMBER 345116 



PACE 62 



CO 

-a 



07Sil 



066ir> 



MHO 



07332 


064;>7 


NRQ 


07333 


064!»4 


MKD 


07334 


064^1 


MHO 


07335 


37774 


MHU 


07336 


067^6 


MHO 


07337 


00101 


MHO 


07340 


0&26J 


MHO 


07341 


0004*3 


MRD 


07342 


06&60 


MHO 


07343 


0660!> 


MHO 


07344 


0»265 


MHO 


07345 


377/7 


MKD 


07346 


05264 


MMD 


07147 


32524 


MRD 


07350 


05266 


MHD 


07351 


02524 


MHO 


07352 


06604 


MKD 


07353 


00021 


WHO 


• 7354 


00012 


MKD 


07355 


00016 


MKD 


07356 


00013 


MHU 


07357 


00010 


HNO 


07360 


00032 


MHO 


07361 


00037 


MHO 


07362 


00001 


MHO 


07363 


00003 


MHO 


07S64 


06213 


MKD 



DATE 3/22/65, 'IME 11/ii/li *:M, 

PROJECT NO. I530U54 PROGRAM^EW J.fc . PHlLLIPPI TAPE NUMBER 345116 

ADDER TEST TABLE 
OC' 37774. 37775, i7776 
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w 
I 

cn 



2360 






2361 


07365 


377 "> 




07366 


377?^ 




07367 


377'6 


2362 


07370 


OOOOi 




07371 


00001 




07372 


00002 




07373 


125i!r> 




07374 


2525^ 




07375 


2»25<! 




07376 


2525«J 




07377 


12525 




07400 


12525 




07401 


0000^ 


2363 


07402 


0000^ 




07403 


37777 




07404 


37775 




07405 


00000 




07406 


37775 




07407 


OOOOi 




07410 


37777 




07411 


OOOOI 




07412 


37776 




07413 


37776 


2364 


07414 


00000 


2965 




05001 



OCT 00 03,00001.00 002.12525.25252,25252.25252.12525.12525,00002 



OCT 00 0<!. 37777, 37775, 00000, 97775. OOOOI, 37777 ,00001, 3777ft. 37776 



TABLE OCT 00000 
END TES^fOl 



CO 

I 

-a 



DATE S/22/65. TIME ll/iJ/lft A.M HABE 6< 

PROJECT NO, 5J005J PROGRAHMEN J.E. PHILLIPPI TAPE NUMBER 345116 

STARTED S/22/6b, 11/26/00 A.M, 
COMPLETED 3/22/6^.11/33/16 A.N, 
^UNeER or INPUT HbCORDS l4!69. 
i^UNBER or OUTPUT NECOROS 1BS6, 
NUMBER or BINARY RECORDS 1295. 



CORE CROSSTALK TEST (D10A) 

I. Purpose of Teat 

To clear any half-set cores and to check core for crosstalk Interference. 

n. Description of Test 

The test Is divided Into two parts: 

In part one the following sequence Is executed: (TOJPL0C = highest numbered 
core location.) 

Store positive zero at location T0VIJ^C, check, store negative zero (37777b) 
at location TC^PL^C, check, store positive zero at location TOJPL0C, check; 

repeat this procedure for locations T0PL0C-1, T0PL(2<C-2 LASTLY*-!, 

where LASTLC^ (1528) is the last location of the core crosstalk program. 

In part two the following sequence is executed: 

Store negative zero (377773) in location T0PL0C for an arbitrary number of 
times, check to see that all core locations in the same bay as this location 
are positive zero; repeat this procedure for locations T(?PL0>C-1, TdPL0C-2, 
..., LASTL0+1. 

Provision has been made to vary the highest core location (TQJPLCJC) from the end 
of the crosstalk test (LASTLO^+l = 153g) up to and including 37777q. Errors will 
occur if TQJPL^C is a number for which no core bay exists. Since the program 
does not communicate with any I/O devices it needs no Interrupts. Thus the pro- 
gram is to be run under lockout. 

The first part of the program unsets any half-set cores that may have occurred 
before testing. After this part is finished, part two checks for crosstalk Inter- 
ference. The number of cycles of this test may be varied from 1 to 8191 times, 
or if desired, the test may be run continuously. 

III. Operation of Test 

A. Read in the binary tape of the Core Crosstalk test using the bootstrapped bi- 
nary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Reglster with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 
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B. Enter the test parameters. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Reglster with the parameter location. 

3. Using the probe, load the X-Reglster with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Location Preset Description 

136g TQ(PL0C 375778 Highest core location to be tested. 

1378 NCifCYCL Number of cycles to be done. 

C. Start the test. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Reglster with the starting location of the 
test (Os). depress the Start button. 

3. Put machine In RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. If an error Is encountered, the test will stop with the S-Reglster set as fol- 
lows: 

Part One Error: 

S~Reglster (0-7) Description 

001 First positive zero stored or read Incorrectly. 

002 First positive zero stored or read as negative 
number. 

003 Negative zero stored or read Incorrectly. 

004 Negative zero stored or read as positive number. 

005 Second positive zero stored or read Incorrectly. 

006 Second positive zero stored or read as negative 
number. 

Location ADDRES ( 1408) will contain the address of the error. Thus contents 
of the contents of ADDRES may be Inspected If half-set cores are not sus- 
pected. 

Part Two Error: 

S-Reglster (0-7) Description 

007 Disturbed location not zero. 

Location ADDRES (1408) contains the address of the location where storage 
actually took place; location LQfCND'X (1418) contains the address of the dis- 
turbed location. 
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To continue testing, depress the Start button. 

E. If the number of cycles becomes equal to NCJCYCL, the program is terminated 
with the S- Register (bits 7-0) containing OlOg. If N(2lCYCL equals a positive 
zero, the program runs continuously. 

F. Proper operation of the core Is verified by the absence of computer stops 
(except, of course, stop 010). 

G. The program may be restarted by pushing the Start button. 
IV. Storage 

Number of locations used: 152g (l-152g). 
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DATE 3/22/65. "^IHE 10/45/38 *.H. 
ROJECT NO, 5<S005} PROtiRAHRER E,k O.HARE 



»*GE 1 



I 

4^ 









37577 


HUDRSSbOU 


37577 










00000 


TIHES 


SEQU 













00001 




ORG 


PC^l 






00001 


32 





137 


START 


ENL 


NOCVCL 






^ 00002 


37 





143 




STL 


CN7R 






r 00003 


32 





136 


PAHTl 


feNL 


TOPLOC 






1 00004 


37 





140 




STL 


ADORES 






00005 


11 





152 




SUB 


END 






> 00006 


37 





142 




STL 


COUNT 






1 00007 


32 





lil 


VLOOPl 


ENL 


*0) 






00010 


37 


I 


140 




STL 


ADDRfeS. 


1 




\ 00011 


32 


I 


140 




ENL 


AODRES. 


I 




> 00012 


20 





014 




2JP 


lOCCT 






00013 


00 





001 




STP 


1 






00014 


24 





016 




JHP 


20CCT 






eoois 


27 





016 


lOCCT 


PJP 


20CC1 






! 00016 


00 





002 




STP 


2 






1 00017 


32 





1»0 


^20CCT 


ENL 


-0) 






\ OOOitO 


37 


1 


140 




STL 


AODRES. 


1 




) 00021 


32 


1 


140 




ENL 


ADORES, 


I 




h 00022 


27 





029 




PJP 


30CCI 






' 000<5 


20 





0^6 




ZJP 


40CCI 






1 eoai!% 


00 





003 




STP 


3 






00025 


24 





026 




JHP 


40CCT 






> OOOiio 


00 





004 


30CCT 


STP 


4 






I ooo;^7 


32 





151 


40CCT 


ENL 


♦ 0) 






000^0 


37 


1 


140 




STL 


AODRES, 


I 




i 000^1 


32 


1 


140 




ENL 


ADCRES.- 


I 




. OO'.'o^ 


20 





034 




2JP 


SOCC 






' OU' -.3 


00 





009 




S7P 


5 






1 00 o 


24 





136 




JHP 


60cc; 





TAPE NUMBER 345045 
CONE CROSSTALK TtS^ 

PH06NAN LIBRARY 
PR06RAI1 NO, P-50 DIOA 



THE FOLLOWING ARE PROGRAM PARANETERSi 

HIGHEST AODHESr TO BE CHECKED 
NO OF CYCLES TO BE CONPlETEO 

NOTE WELLI THIS PROGRAM NUST SKIP BT THE ACC. 
PROGRAM IS TO BE RUN UNDER LOCKOUT 

RESET NO. OF CYCLES COUNTER 

UNSET HALFSET CORES TEST 
STORE ADDRESS INDEX 

STORE NUMBER OF ADDRESSES INDEX 

WRITE POS, ZERO IN -ITH CORE LOCATION 
READ -ITH CORE LOCATION 

NOT ZERO. STOP 1 
PROCEED 



NOT POS. ZEHO. ST0P2 

WRITE NEG. ZERO IN -ITH CORE LOCATION 
READ -ITH CORE LOCATION 



NOT NEO ZERO. STOP J 

NOT NE6, NUMBER. STOP 4 

WRITE POS; ZERO IN -ITh CORE LOCATION 
READ -ITH CORE LOCATION 

NOT ZERO. STOP 5 
MOCEED 



DATE S/22/6r>. TIHE 10/46/02 A.N, 
PROJECT MO. 930053 PROGHAHHER fc.E O.HARE 



PAGE 2 



APE Nun&EH 345045 



51 


00035 







036 


50CCT 


fjp 


60CC! 


52 


00036 







006 




STP 


6 


53 


00037 







140 


6acc» 


DCR 


ADORES 


54 


00040 







142 




DCR 


COUNT 


55 


00041 







042 




2JP 


CCTALK 


56 


00042 


24 





006 




JMP 


LOOPl 



NOT POS, ZEMO. STUP 6 

OECRENENT ADDRESS INDEX 

DECREMENT COUNT 

CHECK CROSSTALK 

WRITE-READ TEST NEXT CORE LOCATION 



I 



OA'E 3/22/6$. TIHE 10/46/OJ *.H, 
PROJECT NO. S3005i PRUGRANMeH b.E. O.HARE 
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TAPE NUHBEH 34$045 

















EJE 








00043 


32 





136 


CCTALK 


EML 


TOPLOC 






00044 


37 





140 




STL 


ADORfeS 






00045 


32 





147 


7PAHT2 


ENL 


100} 






00046 


37 





14<; 




&TL 


COUNT 






00047 


32 





150 




feML 


-0) 






OOOSO 


37 


1 


140 


/OCCT 


STL 


AODRES.i 






00051 


01 





142 




OCR 


COUNT 






000!>2 


27 





047 




PJP 


70CCT 




00053 


32 





140 




EUL 


ADORES 






00054 


13 





136 




EUR 


TOPLOC 






00055 


12 





146 


•1 


8AN0 


30000) 






00056 


20 





071 




ZJP 


lOOCCT 






00057 


32 





140 




EHL 


ADORES 






00060 


12 





146 




SAND 


30000) 






00061 


13 





145 


4 


BEOR 


7777) 






00062 


37 





141 




STL 


LOCNOX 






00063 


12 





146 




•and 


30000) 


rf^ ; 




00064 


20 





066 




ZJP 


80CCT 


C5 : 




00065 


32 





145 




OENL 


7777) 






00066 


24 





lOJ 




JHP 


105CCT 






00067 


32 





145 


80CCT 


8ENL 


7777) 






00070 


11 





152 


90CCT 


sun 


END 






00071 


24 





104 




JHP 


llOCCT 






00072 


32 





136 


lOOCCl 


' ENL 


TOPLOC 






00073 


37 





141 




STL 


LOCNUX 






00074 


12 





146 




SAND 


30000) 






00075 


06 


D 


142 




SDR 


COUNT 






00076 


32 





1^6 




ENL 


TOP'.OC 






00077 


12 





14'> 




SANU 


7777) 






00100 


24 





101 




JHP 


103CCr 






OOlUl 




cocao 




OCT 


»•• 






00102 


05 





142 


103CC1 


EUR 


COUNT 




L21 


00103 


20 





06/ 




ZJP 


90CCT 




L22 


00104 


10 





144 


JlO^tCI 


AOO 


l> 




L2S 


00105 


37 


n 


142 


110CC1 


' S L 


COUN 



CROSSTALK TEST 
STORE ADDRESS INDEX 



WRITE NEC ZERO 180 TIMES <Ai4BtTRARY VALUE) 
TO SET UP rAVOHABLE CONDITTONS FOR 
CROSSTALK 8ETUEEN CORE LOCATIONS 



FIND COHNON BAY BITS 

ADDRESS AND TOPLOC IN SahE bay 
ADDRESS IS IN A LOMER BAY Than TOPLOC 

SET LOCNDX TO HI6HESY BAY LOCATION IlT 
MHICH ADDRESS IS IN 

LOCNDX IS IN BAY ZERO 

LOCNDX IS NOT IN BAY ZERO. SET COUNT *0 
4096 DECIMAL (ONE BAY) 

SET COUNT 70 4096 HINUS KG CF 
INSTRUCTION IN TEST 

SET LOCATION INDEX TO TQP LOCATION 

STORE BAY ZERO INDICATOR 

SET COUNT TO TOPLOC* IF NST |N BAY ZsHO 
SKIf> PAST ACCUHULATOR LOCA'^ION 

ACCUMULATOR LOCATION 
TOP LOCATION \M BAY ZERO. SET CtuNT TO 

TOPLOC HINUS NO. OF INS. iN TEST 

STORE NO^ OF NORDii TO BE Ct^ECKED 



DATE 

PROJEC 



I 



/22/65, TIME 10/46/OB a M. 

NO. 53005^ PROGRAMMER E.& O.HARE 
24 feJE 



OU106 


3/ 





ISO 




feNt -0) 


00107 


10 


2^ 


141 


L0OP2 


ADO LOCNOX.I 


OOilO 


2? 





130 




CJP 140CCT 


OOlll 


SI 





141 


120CCT 


i)CM tllCNDX 


0O112 


01 





142 




bCR COUNT 


0OM3 


?7 





lOft 




PJP L00P2 



PACE 4 
TAPE NUMBER i4S04$ 

CHECK WHETHER CROitSTALK HAS OCCURRED 

IL00P2J IS THE DUniNANT LOOP IN THAT THE 
TINE TO EXECUTE ALL ^HE OTHER INSTRUCTIONS 
IS NEGLIGIBLE CONHARED TO THIS LOOP- THE 
TOTAL NUNBEH Or MACHINE CYCLES IS 16. IF 
A NAXIMUM or 4096 UORpS ARE CHECKED (IT IS 
ASSUMED THAT THERE IS NO CROSSTALK BETWEEN 
BAYS) rOR EACH BAY. THEN THE HAXIHUM T|NE 
FOR ONE COMPLETE CrCLE TO CHECK ALL THAT 
MAS REQUESTED MOULD BE I 

TINE B (16)*(4,SUS>»U096>*N0M0RD$ 

TIME a .004B*NOMOROS HINUTES/CYCLE 

IF NOHORDS IS 40961 

TINE • 19.2 HIN/CYCLE 

IF NOmORDS IS 163041 

TIME » 76.8 NIN/CTCLE 

THIS ^IHE FUHMULA MAY BE USED TO OBTaIN 
A ROUGH APPROXIMATION OF THE LENGTH OF 
A CYCLE. SINCE SIMPLIFICATIONS HAVE BEEN 
NADE TO OBTAIN SaIO FORMULA. 

INITIALIZE FOR CARRY JUMP 

CHECK LOCATION 

LOCATION HAb CHANGED. NQ' POS . ZERO 

LOCATION OKAY 

CNECK NEXT LOCATION 



I 

00 



DATE S/22/63. TIME 10/«6/13 A.H. 






PROJECT NO. 5^0033 
1*9 


?ROGRAHHER 


E.E. 


.MARS 


TAPE 


1*6 00114 


32 151 




ENL 


♦0) 


1*7 00115 


37 1 140 




STL 


ADDRhS, I 


170 00116 


01 140 




OCR 


ADORES 


171 00117 


32 140 




ENL 


ADORES 


172 00120 


11 152 




sue 


END 


173 00121 


20 122 




ZJP 


X30CCT 


174 00122 
17S 


24 044 




JHP 


PART2 


17ft 00123 


32 143 


130CCT 


ENL 


CNTR 


177 00124 


20 002 




ZJP 


Parti 


tot 00125 


01 143 




OCR 


CNTR 


atl 00126 


27 002 




PJP 


PARTI 


a02 00127 


00 010 




STP 


a 


If] 00130 
9t4 


24 000 




JMP 


START 


205 00131 


32 140 


140CCT 


ENL 


ADORES 


206 00132 


11 141 




^UB 


tOCNOX 


207 §0133 


20 110 




ZJP 


120CCT 


210 00134 


00 007 




STP 


7 


211 00135 

212 

21S 

214 


24 110 




JHP 


laoccr 

THE FULL 


!19 00136 


37577 


TOPLOC 


OCT 


HIADHS 


2U 0013/ 
217 


00000 


NOCVCL 


OCT 


'IHES 


220 00140 


00000 


ADORES 


OCT 




221 00141 


OOOOU 


UOCNDX 


OCT 




222 00142 


00000 


COUNT 


OCT 




223 00143 
224 


00000 


CNTU 


OCT 
bfcN 




00144 


00001 




taMQ 




00145 


077/7 




hHO 




00146 


300U0 




MHO 




00147 


00144 




hHO 




00150 


377/7 




kHD 




001)1 


00030 




MNO 





PACE 9 



TAPE NUMUER 345045 



RESET AND SETUP FOR NEXT CMQSSTALK TRY 

RESTORE CONTENTS OF TRIED CROSSTALK ADR&SS 
DECREMENT ADDRESS 



ALL ADDRESSES HAVE BEEN TESTED 
TRY NEXT ADDRESS FOR CROSSTALK 



REPEAT TEST CONTINUOUSLY 

REPEAT TEST FOR NUMBER OF CYCLES 
TEST FINISHED. NO, OF CYCLES COMPLETED 
HEPEAT PROCHAH 



ERROR OKAY. CHECK MAS ON ADDRESS 
CROSSTALK EMRON. CH^CK ADDRESS AND 
LOCNDX. AND CONTINU, IF DESIRED 



THE FULL'jWlNG MA* BE PROGRAM |NPUTSJ 

TOP LOCATION 
NUMBER OF CYCLES 



DATE 3/22/65. TIHF 10/46/17 A.H, PAGE 6 

PROJECT NO. 5iQQb6 PRUGRAHHEf) h .h . O.HARE ^APE NUHBER J45045 

225 00152 00152 END OCT LASTLO 

226 00152 LASTLO SYN L-1 LAST LOCATION 

227 00000 kNO 



I 



I 



OATE S/22/65. TiMt 10/46/lb A.N. 'A6E 7 

PROJECT NO. 530053 PH'JGRAHHER E.E, O.HARe UPE NUnBEH 14504S 

STARTED 9/22/6&.10/45/0U A,H, 
COHPLETED 3/22/6!>. 10/46/18 A.H, 
MUMBER or INPUT HfcCOPDS 151. 
NUMBER or OUTPUT RECORDS 1^7. 
NUMBER Or BINARY NECOHOS 1U9. 



WORST CASE CORE PATTERN TEST (D11A) 

I. Purpose of Test 

To generate the worst case core pattern In all specified bays of core, and to check 
that this pattern has been successfully generated. 

n. Description of Test 

The program stores the desired pattern throughout core, from the highest location 
specified (HIADR) down to the lowest location specified (L0ADR). L0ADR may 
vary from the end of the worst case core program (371g) to the physical end of 
core (77778 for 4K core, 377778 for 16K core, etc.). HIADR may vary from 
L0ADR to the physical end of core. The pattern has been derived from the manu- 
facturer's specifications of the core any may be deducted from the program list- 
ing. Provision has also been made to store the complement (plus zero for minus 
zero and vice versa) of the worst case core pattern If so desired. 

Once the pattern has been stored, each core location between HIADR and L0ADR 
Is checked to verify that it Is either plus or minus zero. Core locations are 
checked from the highest to the lowest core location. One pass through this limit 
is designated as a cycle. The number of cycles may be varied from 1 to 8191, or 
if desired, the test may run continuously. 

If an error occurs, that is, a core location does not contain plus or minus zero, 
the core location and the contents of that particular location are printed out on 
the ASR typewriter. The correct value is then attempted to be stored in this lo- 
cation and the checking proceeds. A control on the number of errors printed may 
be changed from 1 to 8191 lines. 

All interrupts are ignored except the one corresponding to the ASR typewriter. 
The Interrupt location and the channel number of the ASR typewriter must be 
changed to correspond with the existing hardware setup. 

in. Operation of Test 

A. Read in the binary tape of the Worst Case Core Pattern test using the boot- 
strapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine In RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 
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B. Enter the test parameters. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Location Preset Description 

3178 ASRCHA 1 A3R typewritor channel 

3208 INTLQ^C llg ASR interrupt location 

.1218 IND If non-zero, complement pattern 

3228 HIADR STSTTg Highest core location to be tested 

3238 UJlADR 371b Lowest core location to be tested 

3248 N<2lCYCL Number of cycles to execute 

3258 PRTCNT lOOOjo Number of error printouts allowed 

C. Start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (1018); depress the Start button. 

3. Put machine in RUN mode; depross the Master Clear button. 

4. Depress the Start biittnn. 

D. Any f^rrors p.r.<'ountered will he printed on \t" .-^S}^ tvp»>wr;»pr. An example 
of piirh n printout is: 

27753 37773 

Thus location 277538 has dropped hit two. The ASR set is turned on at the 
start of onrh [)rlntout and off at the end of It. 

If the number of orrcr printouts becomes equal to PRTCNT, the program is 
terminated with the S-Reglster (bits 7-0) containing two (2). 

E. If the number of cycles becomes equal to NQfCYCL. the program is terminated 
with the S-Regiater (bits 7-0) containing one (1). If NQJCYCL equals a positive 
zero, the program runs continuously. 

F. Proper operation of the core is verified l)y the absence of printout on the ASR 
typewriter. 

G. The program may be restarted by pushing the Start button. 
IV. Storage 

Number of locations used: 2678 (102 - 371). 
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THE rOLLOMINR ARE PROQRAN PARAMETERS I 

ASROCH EUU 1 ASR OUTPUT CHANNEL 

ASMOLOREOU 11 ASR OUTPUT INTERRUPT CONPLETfON LOCATION 

>>aTVPE EOU PATTERN TVP^t NORHAL«0t CONPLfiNENTSDMON-0 

H1ADRS8E0U 37577 HIOHEST CORE ADORESS TO BE INCLUOEO IN TfT 

NOtlNE EOU 1000 HAXIHUN NUMBER Or LINES TO BE PRINTED 

TlHfcS 0EOU NUMBER OF TEST CTCES REOUESTEDt«0*INrjNrTE 
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34000) 

OUTCOM 

CLKOU'^ 

TVEC^R 

IN'INS 

INTLOC.l 
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PH'CNT 
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START OF WORST CASE CORE PROORAN-INITRIZE 



STORE I8N0RE INTERRUPTS fCLJ .11 
IN ALL THE INTERRUPT LOCATIONS 



P6EUD0-PR00RAN COUNTER INOSK- 

NO. OF LOCATIONS TO IE USED IN TiST 

COMPUTE AND STORE OUTPUT CONNAND 

STORE TRANSFER VECTOR TO CLEAR LOCKOUT 

STORE INTERRUPT INSTRUCTION 
RESTORfc COUMTEMS 
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EVEN ♦ EVEN a EVEN 

IF A LDCA'ION IS EVEN IN THE SENSE USED BfclOM AND INO > 9, 
ALL ONES MILL BE STORED IN THE LOCATION, 

IF A LOCA''iO^• IS ODD Is THE SENSE USED BELO^ AND IND ■ Oi 
ALL ZEROS XUL BE STORED IN ^HE LOCATION, 

IF 1«D !> •*n' ZERO, THE REVERSE Or THE ABOVE IS TRUE 
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AND COOO^O 
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STORE MORST CASE CORE PATTERN 
TESTINO or LOCATION IS DONE 

STORE *0 OR -0 IN THE LOCATION BEING 
TESTED AS DETERMINED BV THE TESTX AND 
TESTY ROUTINES 

}f ALL LOCS HAVE BEEN TESTED. QO TO CONTIN 
If NOT. COME HERE AND DCR P6EUD0-P INDEX 
DECREMENT COUNT 

TEST NEXT LOCATION 

REPLACE TRANSFER VECTOR MITH CONTINUE JUMP 
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CHECK MORST CASE CORE PATTERN 
INITIALIZE PSEUDO-PROGRAM COUNTER INDEX 

INITIALIZE NO: OF LOCATIONS COUNT 

CHECK LOCATION 

LOCATION IN ERROR. NOT *0 OR -0 

DECREMENT PRINT COUNT 

RESTORE THIS LOCATION PROPERLY 

LINES PRINTED HAVE EXCEEDED LIMIT -'-STOP 

REPEAT PROGRAM 

DECREMENT PSEUDO-P INDEX 
DECREMENT COUNT INDEX 

CHECK NEXT LOCATION 

BRING NUMBER OF CYCLES YET TO BE DONE 

DECREMENT NUMBER OF CYCLES 
BEGIN ANOTHER SERIES OF CNSCKS 

«0* CHECK CORE INFINITEIT 
-i* TEST CONPLETEO— STOP 
REPEAT PROORAN 
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PRINT THE ERROH 

NUMBER or TURN ON CHARS TQ OUTPUT 
TURN ON ASR SET IN PRESCRIBED MANNER 

PRINT A CARRIAGE KETURN 

PRINT A LINE FEED 

UNPACK AND PRINT LOCATION WHICH IS IN ERR 

PRINT THREE SPACES 

UNPACK AND PRINT CONTENTS Or LOCATION 
TURN Orr ASR SET 
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UNPACK THE NUMBER AND OUTPUT 



SHIFT NUMBER INTO CORRECT INITUL POSITION 



SET OIOIT COUNT 

FIRST 0I6IT IS EITHER 0-S 
OTHER DI6ITS ARE 0>7 



SET DIOIT rRON NUMBER, IN CORRECT POSITION 
FORM CORRESPONDING ASR OUTPUT CODE 
PRINT DIGIT 
DECREMENT DIGIT COUNT 
BET NEXT DIGIT 



OUTPUT CHARACTER 
WAIT FOR INTERRUPT 
INTERRUPT RETURN 
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constants and data 
the roulohing may be made program inputs' 

asr output channel number 

ASR INTERRUPT LOCATION 

COMPLEMENT INDICATOR 

HIGHEST CORE ADDRESS TO BE CHECKED 

LOHEST CORE ADDRESS TO BE CHECKED 

NO or TEST CYCLES REOUESTEDl ♦OUNFINITE 

PRINT COUNTER. MAXIMUM NO. Or LINES 



DATE 3/22/65, IME H/0J/4& a.H, pj^Qg ^q 

PROJECT NO. 5i00tii PROGHAKHEH £,b. O.MARE lAPE NUHBEH i45066 



CJl 

I 



^^ 



00363 


OOUUJ 


MHO 


00364 


00014 


MKD 


00365 


34000 


MHl) 


00366 


00001 


MKD 


00367 


234U0 


MKD 


00370 


00100 


MHD 



DATE S/22/65, TIHE 11/03/46 *.H^ PACE 11 

PROJECT NO. 9300S»J PROGRAMMER E . k . O.HARE TAPE NUMBER 149066 

965 0037X EHV SYN L riRST LOCATION AVAILABLE FOR TESTIMC 

366 00000 eNQ 



I 



CO 



en 



DATE S/22/65. TIME 11/03/47 A.M. ^A6E 12 

PROJECT NO. 9J009} PROGRAHN£H E.E. 0>NA»E I «(>r HjHdEK J4§066 

ST*RrEO J/22/65.U/02/tlO *.M. 

COMPLETiO 1/22/65.11/03/4' A.M. 

NUHSEir or INPUT RECORDS 246 

NUNBSR^ or OUTPUT RECORDS 25h . 

NUN8EA or BINARY RECORDS 1B6. 



ADDER TEST (D12A) 
I. Purpose of Test 

To thoroughly test the adder by performing the following eight additions: 

1. 00000 + 37776 = 37776 

2. 00001 + 37777 = 00001 

3. 37775 + 00000 = 37775 

4. 37777 + 00002 = 00002 

5. 12525 + 12525 = 25252 

6. 25252 -t- 25252 = 12525 

7. 00002 -t- 00001 = 00003 

8. 37776+ 37775= 37774 

II. Description of Test 

This test continuously performs the eight additions listed above and checks the 
sums. 

III. Description of Operation 

A. Read in the binary tape of the Adder test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

7. After the tape has read in, the machine will transfer to the starting lo- 
cation of the test and begin. 

B. The test runs continuously unless an error occurs. 

C. When an error is encountered, the machine stops with the S-Register (bits 
7-0) set as follows: 

S-Register Description 

1 00000 + 37776 = 37776 

2 00001 + 37777 = 00001 

3 37775 + 00000 = 37775 

4 37777 + 00002 = 00002 

5 12525 -I- 12525 = 25252 

6 25252 + 25252 » 12525 

7 00002 •(- 00001 :» 00003 
10 37776 + 37775 = 37774 

IV. Storage 

Number of locations used: 103g (1001-1103) 
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OATfc 3/22/65. TIH6 11/11/44 A,H, 



PACE 1 



PROJECT 



at 

I 

in; 



0. 5^0033 PROGHAMHER L.H. HAVb 



TAPE NUHBER 349077 
ADDEH TEST 

















PROGRAM LItRARV 
















PROBRAH N0< P°9S 








01001 




0H6 


919 




01001 


92 




074 


START 


ENL 


ONEONE 




01002 


10 




073 




AOO 


OdETMO 




01009 


19 








EOR 


ONETMO 




01004 


27 








PJP 


L*2 




01009 


24 








JHP 


L*2 




0100* 


20 








2JP 


2II0SUM 




01007 


00 








STP 


1 




01010 


92 






2NDSUH 


ENL 


TMOONE 


20 


01011 


10 








AOO 


TWOTMO 


21 


01012 


19 








EOR 


TMOONE 


22 


OIOII 


27 








PJP 


L*2 




01014 


24 








JHP 


L*2 




01019 


20 








2JP 


9R0SUN 




01016 


00 








STP 


2 




01017 


92 






3RDSUN 


ENL 


90NE 




01020 


10 








AOO 


9TH0 




01021 


19 








EOR 


90NE 




01022 


27 




029 




PJP 


L*2 




01029 


24 




024 




JUP 


L*2 




01024 


20 




025 




2JP 


4THSUH 




01029 


00 








STP 


9 




0102* 


92 






4THSUM 


EML 


40NE 




01027 


10 








AOO 


4TH0 




01090 


19 








EOR 


4TM0 




01091 


27 








PJP 


L*2 




01092 


24 








JHP 


L*'i 




01099 


20 








ZJP 


5THSUM 




01094 


00 








STP 


4 



012A 



DATE 3/22/65. TIME 11/11/51 A,M, 
PROJECT NO. 5J0053 PROGRAMMER L.M. MAYS 



PAGE 2 



TAPE NUMBER 345077 



I 

03 



44 
45 


01035 


32 





102 


EJE 
5THSUH ENL 


50NE 




01036 


10 





102 


ADD 


5TW0 




01037 


13 





103 


EOR 


60NE 




01040 


27 





041 


PJP 


L*2 




01041 


24 





042 


JMP 


L*2 




01042 


20 





043 


ZJP 


6THSUM 




01043 


00 





005 


STP 


5 




01044 


32 





103 


6THSUM ENL 


60NE 




01045 


10 





103 


ADD 


6TW0 




01046 


13 





102 


EOR 


50NE 




01047 


27 





050 


PJP 


L*2 




01050 


24 





051 


JMP 


L*2 




01051 


20 





052 


UP 


7THSUM 




01052 


00 





006 


STP 


6 




01053 


32 





101 


7THSUM ENL 


70NE 




01054 


10 





076 


ADD 


7TH0 




01055 


13 





072 


EOR 


03 




01056 


27 





057 


PJP 


L*2 




01057 


24 





060 


JMP 


L*2 




01060 


20 





061 


ZJP 


6THSUM 




01061 


00 





007 


STP 


7 




01062 


32 





075 


8THSUM ENL 


80NE 




01063 


10 





100 


ADD 


8TM0 




01064 


13 





073 


EOR 


037774 




01065 


27 





066 


PJP 


L*2 




01066 


24 





067 


JMP 


L»2 




01067 


20 





000 


ZJP 


START 


100 


01070 


00 





010 


STP 


6 


101 


01071 


24 





000 


JMP 


START 



DATE 3/22/69. TIME 11/11/54 A.H. 
WOJKT NO. 93005J PROQRAHNER L.H. HAYS 



PACE S 



TAPE NUMBER }45fi77 



at 



102 








EJE 




lU 


01072 




09 


DEC 


9 


104 


01079 




097774 


OCT 


97774 


1*9 


01074 




ONEONE 


OCT 





IM 


01079 




ONETHO 


OCT 


97776 


107 


0107A 




TMOONE 


OCT 


1 


HO 


01077 




TMOTUO 


OCT 


97777 


tu 


01100 




90NE 


OCT 


9777* 


U2 






9TH0 


SYN 


ONEONE 


119 






40NE 


SYN 


TMOTNO 


114 


01101 




4TM0 


OCT 


2 


US 


01102 




90NE 


OCT 


12929 


HO 






9TH0 


SYN 


90NE 


117 


01109 




60NE 


OCT 


29292 


Ut 






ATUO 


SYN 


60NE 


in 






70NE 


SYN 


4TM0 


Ul 






7TW0 


SYN 


TMOONE 


US 






OONE 


SYN 


ONETHO 


114 






OTHO 


SYN 


90NE 


10 








END 


START 



01 

1 

C7I 



BATE S/22/69. TIHE 11/11/56 A.H, PA6E 4 

PROJECT NO. 9>30053 PROGRAMHEK L.H. KAYS TAPE NUMBEK J43077 

STARTED S/22/*S. 11/11/00 A.H. 
COMPLETED 1/22/65. ll/li/36 A.N. 
NUMBER OF INPUT RECORDS 8S. 
NUMBER OF OUTPUT RECORDS 83. 
NUMBER OF BINARY RECORDS 7i. 



735 SELECTRIC TYPEWRITER TEST (DUA) 

1, Purpose of Test 

To verify the proper operation of the 735 Selectric logging typewriter. 

II. Description of Test 

The program prints a set of characters twice per line on the 735 Selectric type- 
writer. This set includes all the alphanumeric and special chara'cters, A sample 
printout of one half of a line follows: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 1234567890-./. = '.';*)(+^ :''?±_#$@%&" 

The 735 typewriter is placed in the lower case mode at the beginning and at the 
end of each half line. The number of lines printed may be varied from one to 
8191 lines. 

All interrupts are ignored except the one corresponding to the 735 typewriter 
which is being tested. The interrupt location and the channel number of the 735 
typewriter must be changed to correspond to the existing hardware setup. 

III. Description of Operation 

A. Read in the binary tape of the 735 Selectric Typewriter test using the boot- 
strapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 



B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; 
depress the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 



Location 

1528 
1538 
1548 

Start the test 



735CHA 
INTL0C 
NUMLIN 



Preset 

538 

138 

lOOio 



Description 

735 output channel number 
735 interrupt location 
Number of lines to be printed 



1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (1018); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 
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D. The program will print the number of lines designated by NUMLIM and then 
stop with the S-RegiBter (bits 7-0) containing a one. 

E. Proper operation is verified by visual inspection of the 735 printout with the 
sample printout given above. 

F. The program may be restarted by depressing the Start button. 
IV. Storage 

Number of locations used: 1668(102g - 2673) 
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DAri 4faf/«5 TIME 6/5>'23 A.H, p^^g j 

WIOJtCT MO. 5500b3 PROGRAHH£R E.E. 3.MA^s T*35 .UHB6a 5J5441 

1 7i5 SELtCTRlC TYPEWRITER TEST 
2 

s phogram library 

^ PR06RAH NO. D13A 

9 
6 

7 

^0 THE FOLLOUING ARE PROGRAM PaRAHETERSI 

11 00053 73S0CH8EQU 53 735 OUTPUT CHANNEL 

1* 00013 735IRT8E0U 13 735 INTERRUPT LOCATION 

J' 001** TIMES EQU 100 NUMBER OF LINES TO BE PRINTED 

15 UNL 

^* . , 00102 ORG ACC»l TYPE THE ENTIRE SET Of CHARS TNICE/LINE 

17 00102 32 267 y 8ENL 100) ••.cuinc 

20 00103 37 155 STL CMR:nt 

-<i »1 00104 32 266 J 8ENL 25400) STORE IGNORE INTERRUPT ICLJ .1) IN ALL 

l^ 22 00105 37 1 155 lOTT STL CHRCNT.I THE INTfcRRUPT LOCATIONS 

23 00106 01 155 OCR CHRCNT 

24 00107 27 104 PJP lOTT 
29 00110 32 152 ENL 7S5CHA 

26 00111 10 265 J 8ADD 34000^ 

27 00112 37 140 STL OJTCOl STORE OROPES CHANNEl IN OUTPu"' COMMAND 
SO 00113 97 115 SrL L*? 

31 00114 32 164 ENl LDMtRC PUT TVf>t!*cjr-R IN LONER CASE 

32 00115 34 000 OUT •» 

33 00116 32 160 ENL L-LAY 

34 00117 37 157 ST.. ..Mi:' DELAY *' .EAST 60 H IlL I SfeCOinS 

35 00120 01 3 157 d:^ . :hI' UNT;: i.QM[- CASE IS OUT?. ' 

36 00121 27 117 ? > ^-; REASON. ".J iN'L-JR^," .• fT \^ \n , j,j-a C4>f 

37 00122 52 163 E*.. i^rIN> ^-^ " 

40 00123 ST 1 153 %' . .-i'v ..' S^O^E .MT£r<r<i«>' IN,'rt.crn»" 

41 00124 32 154 jFaRT eml Nu-i^Im 

42 J3125 3/" 3 157 S*L t -rJ* S-T Mj> . , •<. - SJIBt ' f Lli^fci '3 8p TYPED 

44 80126 32 ?64 ..OOP ENl J. 

tS 08127 37 1 i >•. •-; i;0.i: .. jr •■ ifeLL-^/u./ifc U -US CH riE^Ol 

4« O91S0 32 2<>5 (k^ C-> 

«j oJi'.i ?3 3 I" : . " :' ooiPu* »«►<!*:«• r,r-TiiRN -^ s''*«»t 

50 OOH^ ^2 D 1-. NFIE^wD k'^. u-u^r 



•AT6 ♦/•5/«5. TIME 6/97/39 A.«. 
PROJECT lO, 530053 PROGRAHHER E.E. O.HARE 



PASE 2 



TAPE NUMBER 535441 



-5 
I 



51 


00133 


37 


155 




STL 


CHRCNT 


99 


00134 


32 


162 




ENL 


ENLTAB 


53 


00135 


37 


136 




STL 


BRINGC 


54 


00136 




00000 


8RINQC 


OCT 


• • 


55 


00137 


01 


136 




OCR 


BRINGC — 


5« 


00140 


34 


000 


OUTCOM 


OUT 


• • 


57 


00141 


01 


000 




OCR 


PC 


M 


00142 


01 


155 


INTRTN 


OCR 


CHRCNT 


«1 


00149 


27 


195 




PJP 


BRINGC 


62 


00144 


01 


156 




DCR 


riELD 


69 


00145 


27 


131 




PJP 


NriELD 


64 


00146 


01 


157 




DCR 


LINECT 


69 


00147 


27 


125 




PJP 


LOOP 


66 


00190 


00 


001 




STP 


1 


67 
70 
71 


00151 


24 


123 




JMP 


START 














72 












THE FOLLONING M 


73 


00192 




00053 


7S5CMA 


OCT 


7350CH 


74 


00159 




00019 


INTLOC 


OCT 


735IRT 


75 


00154 




00144 


NUHLIN 


OCT 


TIMES 


76 














77 


00155 




97777 


CHRCNT 


OCT 


. 


ito 


00156 




97777 


riELD 


OCT 


• 


tai 


00157 




97777 


LINECT 


OCT 


* 


102 


00160 




07640 


DELAY 


DEC 


4000 


Its 


ttl61 




00077 


NOCHRS 


OCT 


STRTAB-ENDTAB^l 


114 


t0162 


92 


262 


ENLTAB 


ENL 


STRTAB 


Its 


0tl69 


19 


141 


INTINS 


CLJ 


INTRTN 



STORE NO. or CHARACTERS TO OUTPUT IN riELD 

STORE CHARACTER BRINB INSTRUCTION 

BRING A CHARACTER 

DECREMENT CHARACTER BRING INSTRUCTION 

OUTPUT CHARACTER 

MA IT FOR THE INTERRUPT 

SET NEXT CHARACTER 

riELD FINISHED. BET NEXT FIELD 

PRINT NEXT LINE 

NO. OF LINES REQUESTED HAVE BEEN PRINTED 



735 OUTPUT CHANNEL 

735 INTERRUPT LOCATION 

NO. OF LINES TO PRINT) {F ZERO RUN ALWAYS 



DATE 4/at/6S„ TIME 6/57/42 A.M. 

PIOJECT NO, 590053 PROGRAMMER E.E. O.MARe 



paqe 



TAPE NUMBER 535441 



I 
en 



lift 






EJE 




107 






735 vro 


6.9.3 


lis 




00164 


ENDTAB EOU 




HI 


• (1164 


00010 


LOMERC 735 




112 


• •165 


16000 


735 




lis 


• •166 


36400 


735 




114 


• 0167 


36000 


735 




119 


• 0170 


95000 


735 




116 


00171 


32400 


735 




117 


00172 


35400 


735 




US 


00173 


00200 


735 


.16) 


121 


00174 


37400 


739 




12a 


00175 


02400 


735 




lai 


00176 


17000 


735 




124 


00177 


06400 


735 




in 


00200 


94000 


735 




12« 


00201 


09000 


735 




127 


00202 


30000 


735 




120 


00203 


92000 


735 




111 


00204 


94400 


735 




lU 


00205 


00020 


739 




ISl 


00206 


06400 


739 




124 


00207 


17000 


735 




1S9 


00210 


16000 


735 




12« 


00211 


09000 


735 




1S7 


00212 


15000 


735 




14t 


••213 


02400 


735 




141 


••214 


04400 


735 




14B 


••219 


00200 


735 


• 16. 


143 


0*216 


92000 


735 




144 


00217 


90000 


735 




149 


•0220 


94400 


735 




144 


••221 


36400 


735 




147 


••222 


34000 


735 




190 


•0223 


96000 


735 




191 


••224 


32400 


735 


53 • • 


192 


^•229 


35400 


735 




193 


••226 


35noo 






194 


0t?27 


^f ■,'"' 


73 . 




1^* 


i"?*-* 




7 . 





TABLE or CODES TOR THE 735 SELECTRtC 



LOUER CASE 
QUOTES 
AMPERSAND 
X 

s 
t 

UNDER LINE 

PLUS OR NINUS 

? 

DEGREE SIGN 

t 

CENT SIGN 

♦ 

( 

) 

• 

U,C. 
I 

EXCLANATION 
APOSTROPHE 




9 
• 

7 
6 
5 
4 
3 
2 
1 



=«»*rf 



M.c ♦/B9/65. TINE 6/57/46 A.M. 

W0J6CT MO. 930053 PR06RAMH6R E.£. O.HARg TAPE NUMBER 535441 

3 

3 

3 

3 

35 

3 

3 

3 

35 

3 

3' 

3' 

3 

3 

3 

3 

3 

3' 

3 

3 

3 

3 

3 

3 

3 



PACE 4 





U« 


••231 


37000 




M7 


••232 


02000 




IM 


••233 


27400 




1*1 


••234 


10000 




M2 


••235 


15400 




1*3 


••236 


25400 




&«4 


••237 


27000 




IM 


••240 


12O09 




t«« 


••241 


16400 




1*7 


••242 


•4^80 




170 


••243 


••••• 




171 


••244 


12420 




ITS 


••245 


290^0 




171 


••246 


174^^ 




174 


••247 


22420 




17» 


••250 


24020 




174 


••291 


•7«^0 




177 


••292 


140^0 




2M 


••293 


22000 




Ml 


••294 


07400 


1 


208 


••299 


•94^0 


05 


xts 


••296 


2600e 




SM 


••297 


264^0 




299 


••2M 


2440^ 




SM 


••261 


2^^^« 




M7 


••242 


144^» 




nt 




••262 




211 


••2*3 


•••4^ 






••2*4 


••••3 






••2*9 


S4^^^ 






••2«« 


2342^ 






••2*7 


••!•• 




212 




••••• 



STRTAS EOU 



CM 



3' 
RO 

iRl 
iR: 



MR] 
EN 



32 
2 



CARRU6E RETURN 



-J 

I 

-a 



DATE 4/0f/45. TME 6/57/50 A.H. PASE 5 

PROJSCT NO. 53*053 PROGRAHMER E E. O.HARe TAPE NUMBER 595441 

STARTED 5/i4/64. 6/57/00 A.M. 
COMPLETED 9/04/64. 6/57/49 A.N. 
NVNBER OF IMPUT RECORDS 138. 
NUMBER OF OUTPUT RECORDS 142. 
NUMBER OF BINARY RECORDS 121. 



EXTENDED CORE MEMORY TEST 

P50 COMPUTER D14A 

I. PURPOSE OF TEST 

To extensively read and write into extended cnrc anrl 1o Lhtck lor crosstalk inlerfor- 
ence. 

n. DESCRIPTION OF TEST 

T'he test program reads and writes into extended core locations HIADR (highest 
address) through L^ADR (lowest address) inclusive. 

The test consists of three parts. In the first pai-t, each extended core location is 
written and read individually, starting with location HIADR. The pattern is as 
follows: 37777 (all ones) is written into HIADR, liien HIADR is read and the value 



checked, then 00000„ (all zeros) is written and read, then 2r)2.j2ij, and finally 
12525u . Following this, location HIADR-1 is written and read in the same nia 
and then the remaining extended core locations, down to l.lrtADR. 



The second part is executed after the first. In this section .il! oxtcnfled 'jove locations 
are written with an alternating pattern; then all the locutions a 'c read ind f hecked. 
The pattern is as iollows: 37777g, 00000^, 37777;^, OOOOOg, ... i.-. stored in loca- 
tions HIADR through LOADR, then the locations are read and checked, ;Mnn OOOOOg. 
37777g, OOOOOg, 37777g. , . is stored and checked; then 25252„, 12523^. 25252„, 
12525^, and finally I2525g, 25252^, 12525^, 25252, 



-.s 



In the third part, two location counters arc initialized: C2 to IILXDH. ^ ' to L)&ADR 
(or one, if L£!)ADR is zero). Positive zero is output to the cxtciule'' (.iic location 
whose address is contained in C2; negative zero is output to locilion L :. Both loca- 
tions are then read and their contents verified. The addiess in Cl i< decremented; 
the :iddress in C3 is incremented. The test rec\cles, using ;'.< !io>\ ad.lrcss until 
addre.cs C3 contains IIIADR+1. 

After part throe is executed, the ttst decrements a NTIMFS d-unter. If the counter 
is positive or if it is s<-t so tlie test runs indefinitely, [larts iine, two, and Ihvee arc; 
again executed. If the test is set to run a fixed nutnlu'r of c\cles, the coi; puter will 
stop when the cycle counter is zero. 

If an error occurs during the first or third parts, the location in erroi- anrl the cor- 
rect pattern are printed on the programmer's cf)nsole ASR si't. If an crriM- oc-curs 
during the second part, the paticrn iilir \,.ln.c sinrccl in HLAnJii is printirl The coin - 
puter stops after the error printout. 

All interrupts arc: ignored except the one corresponding to the ASR type writer. 
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in. OPERATION OF TEST 

A. Read In the binary tape of the Extended Core Memory Test using the boot- 
strapped binary loador. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the binary 
loader (76028, 17«028, 276028, or 37602b); depress the Start Button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader; turn the reader on. 
T). Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

I. Repeut Steps 2 and :) until all the following parameters have been entered; 

Description 



l-i)(;ili<>ii 




Preset 


.;:,7U 


ADRCH 


nouTO.s 


(iriTr,^ 


f^UTCII 


1)0077 s 


(■..">T(',^ 


INTCll 


OOOCi^ ^ 


(i'lTT,^ 


ASR^C 


nooif) !^ 


fICOOj, 


INTL(/((' 


nonii ^^ 


(iOOl j^ 


IIUUR 


37777 y 


(irioj^ 


LdADR 


nnooo 


(KH),',^ 


N TIMES 


00000 



F.xt. (nre adflress seleet channel 
Fxt. Core output channel 
E\t. Core input channel 
ASR output channel 
ASR output interrupt location 
Highest Ext. Core loc. to test 
Lowest Ext. Core loc. to test 
No. of cycles (+0 for infinite no. ) 



C. Start the test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. I sing the probe, load tlie X-Register with the starting location of the test 
{();577«j^; depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 
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4. Depress the Start button. 

D. Errors 

1. If an error occurs during part one, a message of the form below will be 
printed on the ASR set: 

El Pxxxxx Lyyyyy 

where "xxxxx" is the correct pattern (37777, 00000, 25252, or 12525) «nd 
"sryyyy" is ***e location in error. This location in extended core can then be 
examined to determine the exact error. 

2. If an error occurs during part two, a message of the form below will be 
printed on the ASR set: 

E2 Pxxxxx 

where "xxxxx" is the pattern stored in location HIADR. The extended core 
S-Register will contain the address minus one (1) of the last location read. 

3. If an error occurs during part three, the message is as follows: 

E3 Pxxxxx Lyyyyy 

where "xxxxx" is the correct pattern (00000, or 37777) and "yyyyy" is the 
location in error. 

4. After any of the above error printouts, the computer will stop with the 
S-Reglster, bits 0-7, containing 002. If the Start button on the P-50 computer 
is depressed, part one, two, or three will be restarted, depending in ^ich 
part the last error occurred. 

E. Normal stop 

When the number of cycles, NTIMES, have been executed (NTIMES ?^ +0), the 
computer will stop with the S-Reglster, bits 0-7, containing 001. The test may 
be restarted by depressing the Start button. 

IV. STORAGE 

Number of locations used: SeOg (64008-7157g). 

V. RUN TIME 

Recommended run time: 2 hours. 
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PAQE 1 

EXTENDtO CORE MEMORY TEST 

1 EXTENDED CORE MEMORY TEST PROGRAM NO. P-50 D14A 
2 

3 THE FOLLOWING ARE PROGRAM PARAMETERS 

* SEE LISTING. LOCATIONS 6574-6603 

5 00070 ADRCHN8EQU 70 ADDRESS OUTPUT CHANNEL OES 

6 00077 0UTCHN8E0U 77 DATA OUTPUT CHANNEL OEZ 

7 00062 INTCHN8EQU 62 DATA INPUT CHANNEL lEZ 
1° 00015 ASR0CH8E0U 15 ASR OUTPUT CHANNEL 

11 00011 ASRINT8EUU H ASH OUTPUT COMPLETE INTERRUPT LOCATION 

12 37777 HIADHS8EQU 37777 HIGHEST EXTENDED CORE ADDRESS TO TEST 

13 OOOQO LOADRS EUU Q LOWEST EXTENDED CORE ADDRESS TO TEST 
1^ OUOOO TIMES EUU NO. TfeST CYCLES l^ERO ■ INDETINITE) 
15 

16 
17 

20 06400 80KG 6400 LOCKOUT SET 

21 06400 32 361 VPl 8ENL 100) 

22 06401 37 204 STL U 

i»3 06402 32 360 J 8ENL 23400) 

24 06403 37 1 204 sTL U.I STORE CLJ O.I IN ALL INTERRUPT LOCATIONS 

25 06404 01 204 pCR U 

26 06405 27 002 PJP L-2 

27 06406 23 006 CLJ L*l 

30 06407 32 177 fcNL ASROC 

31 06410 10 357 J 8ADD 34000) 

32 06411 37 315 S,TL OUTCUM 

33 C6412 32 207 ENL INTINS 

34 U6413 37 1 200 STL INTLOC.I 

35 U6414 32 a 210 fcNL INTAUD 

36 U6*15 37 1 356 7 8STL 202 

37 06416 32 174 ENL ADRCH 

40 L6417 10 357 8AD0 34000) 

41 L6420 37 214 bTL AOl 

42 C6421 37 220 STL A02 

43 L6<'22 37 231 STL A03 

44 C6423 37 242 STL A04 

45 '-6424 37 322 STL A05 

46 06425 37 326 STL A06 

47 C6426 37 335 STL A37 
50 06*27 32 175 ENL DUTCH 
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EXTENDED CORE- lEMQWY TPST 



00 

I 

Oi 



51 


-64jo 


Ifj 


1 


357 


5? 


-J6*J1 


37 





216 


53 


l'6*32 


37 


*> 


233 


54 


C6*i3 


37 


fy 


235 


55 


06434 


37 


f\ 


324 


56 


06435 


37 


r\ 


330 


57 


'J6436 


^2 


f\ 


176 


60 


06437 


10 


A 


355 


61 


06440 


37 


ft 


221 


62 


06441 


37 


o 


243 


63 


C6442 


37 


ft 


251 


64 


'.•6443 


37 


ft 


336 


65 










66 










67 










70 


06444 


32 


ft 


203 


71 


6445 


37 


ft 


206 


72 










73 










74 










75 


06446 


32 


n 


201 


76 


06447 


37 


n 


?05 


77 


06450 


32 


n 


354 


ion 


06451 


36 


n 


211 


101 


'-■6452 


d7 


n 


377 


102 


6453 


i?0 


n 


054 


103 


06454 


«!4 


n 


377 


10 4 


'.'6455 


62 


n 


3S3 


105 


-6456 


36 


n 


211 


106 


06457 


iiO 


n 


060 


107 


.6460 


^A 


n 


377 


110 


06461 


27 





062 


111 


6462 


i;4 


n 


377 


112 


06463 


32 


n 


352 


113 


6464 


36 


n 


211 


114 


06465 


13 


n 


351 


115 


C6466 


27 


n 


377 


116 


06467 


20 


n 


070 


117 


64 70 


24 


n 


377 


120 


06471 


i2 


ft 


351 



Pll 



P12 

JP2 



8ADD 34000} 

STL 001 

STL 002 

STL O03 

STL O04 

S'L 005 

ENL INTCH 
8ADD 30000) 

STL 101 

STL 102 

STL 103 

S-'L 104 



TEST BEGINNING 



bNL 


NTlMkS 




S". 


CI 






PART 


ONE 


ENL 


HIAON 




S-'L 


PSEUUP 




ENL 


-0) 




Hjo 


501 




pjp 


ERROHl 




/JP 


L*2 




JMP 


ERROKl 




ENL 


♦ 0) 




RJP 


801 




IJO 


L*2 




JMP 


ERRONl 




PJP 


L*2 




JMP 


ERROHl 




8ENL 


2525^) 




HJP 


SOI 




BEOR 


1252&) 




PJP 


ERROHi 




2JP 


L*2 




JMP 


ERROKl 




8ENL 


12525) 





ALL ONES 



ALL ZEROS 



PAQE 3 

EXTENDED CORE MEHQRY TEST 



-a 



121 


06472 


36 





211 


RJP 


SOI 




122 


U6473 


13 





351 


8E0R 


1252!>) 




123 


06474 


20 





075 


IJO 


L*2 




124 


06475 


24 





377 


Jt«P 


ERROHl 




125 


06476 


27 





077 


PJP 


L*2 




126 


06477 


24 





377 


JMP 


ERROKl 




127 
















130 
















131 


06500 


3? 





205 P3 ENt 


PSEUUP 




132 


06501 


11 





202 


SU9 


LOADH 




133 


C6502 


20 





110 


2JP 


P4 




134 


U6503 


01 





205 


DCR 


PSEUUP 




135 


'J6504 


20 





105 


ZJP 


L^2 




136 


16505 


24 





047 


JHP 


P2 




137 


G6506 


3? 





353 


ENL 


♦0) 




140 


06507 


37 





205 


STL 


PSEUDP 




141 


06510 


24 





047 


JHP 


P2 




142 
















143 












PART TWO 




144 
















145 


06511 


32 





201 P* 


1 ENL 


HI ADH 




146 


0651? 


11 





202 


SUB 


LOADH 




147 


U6513 


37 





205 


STL 


PSEUUP 




150 


U6514 


21 





115 


EJP 


L*2 




151 


•J6515 


24 





116 


JMP 


L^2 




152 


L'6516 


01 





205 


DCR 


PSEUUP 




153 


'J6517 


16 





205 


H<>H 


PSEUUP 




154 


L6320 


02 





205 


CMg 


PSEUUP 




155 


06521 


32 





354 


ENL 


-0 ) 


ALL ONES--ALL /feRUSJ 


156 


06522 


36 





223 


HJP 


802 




157 


{Jbb^3 


32 





353 


ENL 


♦ 0) 


ALL ZEROS--ALL ONbii 


160 


•J 6524 


36 





223 


HJP 


S02 




161 


06525 


32 





3^^ 


8tNL 


2525«!) 


25252--12525 


162 


':6526 


36 


n 


223 


RJP 


S02 




163 


065^7 


32 





351 


8ENL 


12525) 


12525-25252 


164 


06530 


36 





223 


HJP 


S02 




165 
















166 












PAKT THREE 




167 
















;7o 


06531 


32 





201 P41 6Nt 


HUDR 
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EXTENDED CORE MEMQRY TEST 



00 

I 

00 



171 


06532 


37 





263 


172 


U6533 


32 





202 


173 


06534 


20 





135 


174 


06535 


24 





136 


175 


06536 


J2 





350 


176 


06537 


6i 





264 


177 










^00 


U6540 


36 





320 


iJOl 


06541 


62 





264 


«i02 


06542 


37 





205 


^03 


06543 


32 





353 


204 


06544 


36 





332 


205 


06545 


i2 





263 


206 


16546 


37 





20(> 


t:.i 


'.6547 


32 





354 


ao 


'.■6550 


3fr 


1 


332 


^11 










dl2 


'-■6551 


J? 


D 


264 


«il3 


J6552 


13 


1 


201 


<14 


J6553 


20 


T 


16i 


215 


06554 


32 


n 


264 


^16 


'J 65 55 


10 


n 


350 


217 


6556 


37 





264 


^20 


J6557 


01 





263 


221 


1656 


3? 


n 


26J 


^22 


,6561 


13 





264 


^23 


•J636? 


2n 


n 


150 


224 


•J65t)3 


24 


n 


137 


^25 










226 










227 










230 


06564 


32 





206 


231 


06565 


20 





171 


232 


06566 


01 





206 


<i33 


U6567 


27 





045 


^34 


U6570 


00 


9 


001 


^35 


06571 


23 





043 


236 


L6572 


27 





045 


237 


06573 


24' 





165 



P42 



P43 



P49 

P5 

P6 



STL 


C2 


ENL 


LOADH 


ZJP 


L*2 


JHP 


L*2 


ENL 


1) 


STL 


C3 


HJP 


S05 


ENL 


C3 


STL 


PSEUUP 


ENL 


♦0) 


RJP 


S06 


ENL 


C2 


STL 


PSEUUP 


ENL 


-0) 


KJP 


S06 


ENL 


C3 


bO« 


HUDh 


^JP 


P49 


ENL 


C3 


ADD 


1) 


STL 


C3 


DCR 


C2 


kNL 


C2 


EOR 


C3 


iJP 


P43 


JMP 


P42 


ENL 


CI 


ZJP 


P6 


DCR 


CI 


PJP 


P12 


STP 


1 


CLJ 


Pll 


PJP 


P12 


JMP 


P5 



END OF UNE CYCLE 

TEST FOR HOS./NEU. 

NO. CYCLES COMPLETED 



PAQE 5 

EXTENDED CORE HEMQRY TEST 



00 

I 

CO 



240 








EJE 




241 












242 












243 










THE FOLLONING NAY BE PftOCRAH INPUTS 


244 


06574 


00070 


ADRCH 


OCT 


AORCHN 


245 


06575 


00077 


DUTCH 


OCT 


OUTCHN 


246 


06576 


00062 


INTCH 


OCT 


INTCHN 


247 


06577 


00019 


ASROC 


OCT 


ASROCH 


250 


06600 


00011 


INTLOC 


OCT 


ASRINT 


251 


06601 


37777 


HIADR 


OCT 


HIADRS 


252 


06602 


00000 


LOADR 


OCT 


LOADNS 


253 


06603 


00000 


NTIM6S 


OCT 


TIMES 


254 












255 












256 












257 


06604 


00000 


11 


OCT 




260 


06605 


00000 


PSEUDP 


OCT 




261 


06606 


00000 


CI 


OCT 




262 


06607 


23 1 202 


INTINS8CLJ 


202.1 


263 


06610 


06716 


INTADD 


OCT 


INTRTN-l 
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EXTENDED CORE HEMQRY TEST 



00 

I 



i{64 










EJE 




265 














266 


06611 




00000 


SOI 


1 • ■ 




267 


06612 


37 


262 




STL 


PATTKN 


270 


•J6613 


32 


205 




ENL 


PSEUOP 


271 


06614 


34 


070 


AOl 


OUT 


ADRCHN 


272 


06615 


32 


262 




ENL 


PATTKN 


273 


U6616 


34 


077 


001 


OUT 


OUTCHN 


274 


U6617 


32 


205 




ENL 


PSEUUP 


275 


06620 


34 


070 


A02 


OUT 


ADRCHN 


276 


U6621 


30 


062 


101 


INT 


INTCHN 


277 


06622 


24 


1 211 




RTN 




303 














301 














3C.> 














303 


.6623 




-^ ;? n j 


iC' «.' 






3r,» 


.■66<!4 


3-' 


'J ?6.' 




S'L 


P'--'M'\ 


3i;t 


bi2 = 


3' 


? .'3r 




= NL 


PsEjUP 


3Co 


.bb^'J 


37 


:• ?t.J 




s'L 


C: 


3C7 


6627 


37 


9 >64 




i'L 


Ci 


3iU 


6633 


32 


3 ?a: 




fcWL 


HIADH 


311 


.6631 


34 


070 


A03 


OUT 


AJRCHN 


31? 


-665? 


3? 


? ?62 


ISO*- 


ENL 


PATTKN 


313 


J6633 


34 


: 37-' 


002 


OUT 


OvJ'CH'; 


314 


.6634 


13 


'' i-jA 




tUR 


-.) . 


315 


.6635 


34 


3 -'7 


003 


CiUf 


OJ'CHN 


3is 


.6636 


U' 


1 ^^.< 




DCH 


z^ 


317 


6637 


27 


c -ii 




^-JP 


1SC2 


3;?U 


•6640 


20 


c -yix 




iJi' 


laO? 


321 


■.6641 


32 


?01 




fcNL 


HUUK 


322 


.6642 


34 


C70 


AD4 


our 


• I'M CM \ 


323 


J664j 


30 


3 C6<? 


102 


INT 


INTCH^• 


324 


l<6644 


13 


■?(>^ 




bOft 


>'4*TKN 


325 


U6645 


27 


246 




i'JP 


L*i: 


326 


J6646 


24 


1 347 


J 


JMP 


ERSOk;? 


327 


•;6647 


20 


250 




ZJP 


L*2 


3JU 


-6650 


24 


1 347 




jMP 


t'^'ROKa 


331 


.6651 


30 


C62 


103 


IN- 


INTHI^ 


332 


'J6652 


13 


?b?. 




eOH 


3ATTK\ 


335 


'.665? 


27 


1 ?47 




H JP 


c-!R'1H.' 



WHITE/READ ONE LUCATION 



UNITE AL'bRNA"' 



■'A'-tKN IN ALL '^J' _w:»"^iJN 



PAGE 7 

EXTENDED CORE MEMORY TEST 



00 



334 


06654 


20 


255 




ZJP 


L*2 


335 


06659 


24 


1 347 




JMP 


ERR0K2 


336 


06656 


01 


264 




OCR 


C3 


337 


06657 


27 


242 




PJP 


102 


340 


06660 


20 


242 




ZJP 


102 


341 


06661 


24 


1 223 




RTN 




342 


06662 




00000 


pattrn 


OCT 




343 


06663 




00000 


C2 


OCT 




344 


06664 




00000 


C3 


OCT 




345 














346 














347 














350 


06665 




00000 


S03 


• • « 




351 


06666 


32 


346 


J 


ENL 


12) 


352 


06667 


37 


307 




STL 


CNT 


353 


06670 


32 


910 


03L1 


ENL 


ASRON 


354 


06671 


36 


914 




RJP 


OUT 


355 


06672 


01 


307 




OCR 


CNT 


356 


06673 


27 


267 




PJP 


03L1 


357 


06674 


32 


345 


J 


ENL 


OUTBF) 


360 


06675 


37 


912 




STL 


BUF 


361 


06676 


32 


1 912 


03U2 


ENL 


BUF.I 


362 


06677 


36 


314 




HJP 


OUT 


363 


06700 


01 


312 




OCR 


BUF 


364 


t'670l 


01 


313 




OCR 


BUFC 


465 


06702 


27 


275 




PJP 


03L2 


366 


06703 


32 


311 




ENL 


ASROF 


367 


06704 


36 


314 




HJP 


OUT 


370 


U6705 


00 


002 




STP 


2 


371 


06706 


23 


1 265 




CLJ 


803. 1 


372 


06707 




00000 


CNT 


OCT 




373 


06710 




37740 


ASRON 


OCT 


37740 


374 


06711 




17741 


ASROr 


OCT 


17741 


375 


06712 




00000 


Bur 


OCT 




376 


06713 




00000 


8Urc 


OCT 




377 














400 














401 














402 


06714 




00000 


OUT 


• • • 




403 


06715 


94 


015 


OUTCOM 


OUT 


ASROCH 



PRINT BUFFER 



OUTPUT 



PA jr 



FXTtKOEO CO»<fe MfcMOWT TEST 



OD 

I 



^9 



404 


06716 


01 


1 353 




UCx 


*'C 


405 


06717 


24 


1 314 


intrtn 


mtn 




406 














407 














410 














411 


067^0 




?0000 


S09 


• * « 




412 


06721 


32 


264 




tNL 


C3 


413 


U6722 


34 


070 


A05 


OUT 


*?«CHN 


414 


06723 


i2 


350 




fcNL 


♦J) 


413 


06724 


34 


077 


U04 


OliT 


OUTCMN 


416 


06725 


32 


263 




feNL 


Ci 


417 


067<:6 


i* 


070 


406 


OUT 


A3»)CHN 


423 


iJ6727 


S2 


3?>< 




fcNL 


-0) 


4«il 


06730 


6* 


a 077 


0C5 


OOT 


GOTCHA 


42? 


067Ji 


it 


1 3i;J 




wtn 




42i 














424 














425 














423 


:it7i2 




juOCO 


sCb 


t ■ . 




427 


U6733 


37 


2b<: 




!>'. 


?*TTKN 


430 


^6734 


32 


20^ 




fcNu 


PsEULi'' 


431 


U6735 


34 


J 07U 


A07 


J'J' 


ADRCMN 


432 


i;6736 


3C 


: 062 


104 


IN-r 


l.^TCH\ 


433 


o6737 


1? 


3 "i.tl 




fcOH 


PATT..J 


*34 


cbMC 


il 


h i*\ 




t' :? 


1*2 


435 


U6741 


i4 


1 3«4 


J 


JMB 


fe-rRC««i 


436 


.-074> 


i"" 


1 i *<? 




£Ji> 


$;;6. : 


437 


06743 
U6/44 
U6745 
U6746 
ub747 
Oe7aO 
L'67Sl 
o67-)2 
^6753 
C6754 
U67S5 
06756 
06757 


<:4 


1 344 
0701- 
O'liiJ 
0U014 

C/0u<! 
00003 

l«i5;^-> 
;?5<52 

3UCb0 
3 •-77 
3J000 
00202 
J»000 




taKO 


E-^ROfii 



wkiTt '•-Oi< Part three 



'^tAo/L:-i:C^ P'jr; P»r( 



T ^„^,.. 



PACE 9 

EXTENDED CORE MEMORY TEST 



06760 25400 MHD 

06761 OOiOO HHD 



00 

I 



CO 



PAuE 10 

cxTENDtO COHfc MEMOHt TEST 



00 



440 






07000 




8UHG 


7000 


441 
















442 
















443 
















444 


C7030 


32 





061 


ERRQHl 


tNL 


ASRl 


445 


07001 


36 





074 




KJP 


S07 


446 


U7002 


24 


1 


157 


J 


JMP 


P12 


447 
















450 
















451 
















452 


U7Q03 


32 





062 


ERH0H2 


tNL 


ASR2 


453 


U7U04 


37 





132 




STL 


OUTBF-3 


454 


J7005 


32 





156 


J 


kNL 


PdUf J 


455 


J7U06 


37 





072 




bTL 


Tdur 


456 


U7007 


32 


1 


155 


J 


kNL 


PATTHN 


457 


j70i0 


36 





020 




KJP 


S04 


460 


G7011 


32 





154 


J 


cNL 


12) 


461 


J7012 


37 


1 


153 


J 


STu 


bJFC 


4S2 


.^7013 


36 


1 


152 


V 


HJP 


S33 


4«»3 


J /'J 14 


24 


1 


131 


^ 


JMP 


P4 


464 
















465 
















466 
















467 


J7015 


32 





C63 


tHRjK3 


tNL 


AiR3 


470 


u70l6 


36 





074 




KJP 


S07 


471 


U7017 


24 


I 


150 


<i 


JHP 


P41 


072 
















473 
















474 
















475 
















476 


u/O^O 




03000 


S04 






477 


07G21 


37 





73 




bTL 


04T1 


500 


U7022 


12 





147 


V 


SAND 


3aoou) 


501 


07023 


16 


1 


146 


J 


KSH 


ACC 


502 


07024 


02 


1 


1 46 




CMB 


ACC 


503 












KPT 


6 


»04 


'J7D25 


16 


1 


146 




NbH 


ACC 




07026 


16 


1 


146 










07027 


16 


1 


146 










J71J0 


16 


i 


14o 









El PXXXXX lxxxxx 



E2 PXXXXX 



t.) PXXXXX 



xxxxx 



UNPACK 3-DIG:' NjMdcK ^Uf ^HiN'OU' 



P*iE 11 

FXTtNOCB COi*t HEMJRT TEST 

w/Oil 16 1 146 

0?3i2 16 1 146 

>»5 MUSI ii 3 064 Hjp S34A 

SfS U70i4 12 14i> J 8AN0 7000) 

»»F HHT 4 

»1« 070JS 16 1 146 RUH ACC 

07056 16 1 146 

i*70i7 1« 1 146 

l<7D4g 16 1 146 

>il J7041 i6 064 HJP S04A 

H2 07042 12 D 144 w SANQ 700) 

nS CFMA 16 1 146 hSh ACC 

>14 U7d44 i6 064 KJP S34A 

00 >l> U7D45 12 144 V BAND 73) 

M *lft K""' 2 

en ;»17 U7a44 14 I 146 LS>H ACC 

j7L4T 14 I 146 

^20 07^190 46 064 HJP 3Q4A 

*2l j7Ual 12 l*i J 8AND 7) 

*22 KPT 5 

»23 u70»2 14 1 146 t!>H ACC 

U709a 14 1 146 

U7(I94 14 1 146 

07D55 14 I 146 

U70S6 14 1 146 

»24 ti70i7 16 064 KJP S04A 

'i^i u;o6a i* i 02a h^n 

>26 U7j61 34040 AgMl OCT 26100/^^<f0003 JJ340 

>27 U7U62 34100 ASR2 UCT 2420U/2*i0UL'a 3J103 

*3tt U7063 33140 ASR3 OCT 26300/2*20000 3414C 
531 

**^ CONVgfJT DIul" '0 ASCII CUDfc 

533 u7064 00000 304A 

534 U7U65 10 146 ADD ASRO 
>J5 U7066 47 I 072 ^TL TtJU*".! 

546 U7U67 01 072 OCR TUUr 

547 07070 42 074 tNt 04Ti 
540 IJ7071 24 1 064 K*N 

441 tj"'072 00000 TgUF OCT 

»4«: U7073 00000 04T1 OCT 



00 

I 



at 



PAGE 12 








EXTENDED CORE MgHORY 


TEST 


543 








544 








545 








546 


07074 




00000 


547 


07075 


37 


132 


550 


07076 


32 


141 


551 


07077 


37 


072 


552 


07100 


32 


1 140 


553 


07101 


36 


020 


554 


07102 


32 


156 


555 


07103 


37 


072 


556 


07104 


32 


1 155 


557 


07105 


36 


020 


560 


07106 


32 


137 


561 


07107 


37 


1 I5i 


562 


07110 


36 


1 lb^ 


563 


07111 


24 


1 074 


564 








565 








566 








567 


07112 




00000 


570 


U7113 




00000 


571 


U7114 




00000 


572 


07115 




00000 


573 


U7116 




00000 


574 


07117 




34600 


575 


07120 




32000 


576 


C;7121 




3^000 


577 


07122 




OOOOC 


600 


07123 




00000 


601 


07124 




00000 


602 


07125 




00000 


603 


07126 




00000 


604 


07127 




330C0 


6Q5 


07130 




3200C 


606 


07131 




3200J 


607 


07132 




00000 


610 


07133 




34240 


611 


07134 




30500 


612 


07135 




30640 



USED BY EKRORl AND ERH0H3 



S07 ... 

STL OUTBF-3 

I ENL LBUr) 

STL TBUr 

I ENL PSEUOP 

RJP S04 
ENL PBUr) 
STL TBUr 
ENL PATTHN 
MJP S04 

I ENL 20) 

STL Burc 

NJP S03 
RTN 



OCT 
OCT 
OCT 
OCT 

LBUF OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

PBUF OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 

OUTBr OCT 



PRINT 



31400/2«20000 
24000/2*20000 
24000/2*20000 



32000/2*20000 
24000/2*20000 
24000/2*20000 

30500/2*20000 
21200/2*20000 
21500/2*20000 



BurrER 

X 

X 

X 

X 

X 

L 

SP 

SP 

X 

X 

X 

X 

X 

p 

SP 

SP 

1 OH 2 

E 

LP 

CR 



261/^62 
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EXTENDED CORE NEMORY TEST 
613 



00 
I 



614 



07136 


33000 ASRO OCT 26000/2*20000 


07137 


00024 


MRD 


07140 


06605 


MRD 


07141 


07116 


MRD 


07142 


00007 


MRD 


07143 


00070 


MRD 


07144 


00700 


MRD 


07145 


07000 


MRD 


07146 


OOlOl 


MRO 


07147 


30000 


MHO 


071S0 


06530 


MRD 


07151 


06510 


MKD 


07152 


06665 


MRD 


07153 


06713 


MHD 


07154 


00014 


MRD 


07155 


06662 


MHD 


07156 


07126 


MHD 


07157 


06445 


MKD 




00000 


END 



33000 



/ 



ASR PUNCH-READER TEST (D15A) 

I. Purpose of Test 

To verify the proper operation of the ASR punch and reader, 

II. Description of Test 

The program reads characters in ASCII code through the ASR reader until two 
terminating characters (minus sign and rub out) are read. Due to the mechanical 
design of the ASR set, the characters being read are also printed and punched at 
the same time. 

After the terminating characters have been received, the entire character set 
that has been read and stored is punched and printed. Thus for both the read 
cycle and the punch cycle, a print record is generated. Errors may then be de- 
tected by visual inspection of these two print records. Inspection of the tape 
records punched may also be done, noting that there are two tape records for the 
read cycle (the ASR set punches as it reads) and one tape record for the punch 
cycle. 

If more than 147 characters are input as a character set, all characters after 
the 147th character are ignored until the terminating characters are received. 
The number of read/punch cycles may be varied from 1 to 8191 times or the 
test may be set to run continuously. At the beginning of the test the ASR set is 
turned on in the prescribed manner by the test program, and when the number of 
cycles has been completed, the ASR set is turned off. 

All interrupts are ignored while the test program is running except the ones 
corresponding to the ASR set which is being tested. The interrupts and channel 
numbers of the ASR set which are used in the test program must correspond with 
the existing hardware setup. 

The minus sign is the terminating character which actually signals the end of the 
character set being read or punched. However, on the read cycle, the rub-out 
character (all ones) must follow the minus sign in order to clear the ASR buffer 
register for the output to follow. 

III. Description of Operation 

A. Punch an ASCII character set tape on the ASR punch, off-line mode, via the 
ASR keyboard. The tape must end with a minus sign and a rub-out character 
(all ones). A suggested character set is a carriage return, line feed, followed 
by: 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 0I23456789:"#$%& '()*=: /; 

and terminated by the rub-out character. Turn the ASR punch off and place 
the ASR switch in the OFF position after the character set is punched. 

B. Read in the binary tape of the ASR Punch-Reader test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
binary loader (X7602): depress the Start button. 
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3. 
4. 

6. 

6. 



Put machine In RUN mode; depreas the Master Clear button. 
Plaoe the binary tape under the tape reader. 
Turn the reader on. 
Depress the Start button. 



C. Enter the Test Parameters. 



1. 
2. 
3. 



Put machine In WRITE mode; depress the Master Clear button. 
Using the probe, load the S-Register with the parameter location. 
Using the probe, load the X-Register with the parameter constant; 
depress the Start button. 
Repeat 2 and 3 until all the following parameters have been entered. 



Location 

2138 
2148 
2158 



216 
217 



Preset 

ASRIL0 108 
ASR0L0 ll8 
ASRICH 1 

ASR0CH 

NUMTIM lOOio 



Description 

ASR Input Interrupt Location 

ASR Output Interrupt Location 

ASR Input Channel 

ASR Output Channel 

Number of cycles to read and punch 

(l-8l9lio, or zero). 



Start the Test. 



1. Put the beginning of the tape containing the character set from the ASR 
punch under the ASR reader and turn the ASR punch on. 

2. Put machine in WRITE mode; depress the Master Clear button. 

3. Using the probe, load the X-Register with the starting location of the 
test (I0l8); depress the Start button. 

4. Put machine in RUN mode; depress the Master Clear button. 

5. Depress the Start button. 

E. Normal Completion 

1. The program will print and punch twice the numt)er of records designated 
by NUMTIM and then stop with the S-Register (bits 0-7) containing one 
(1). If NUMTIM is equal to zero, the test will run continuously. 

2. Proper operation Is verified by visual inspection of the ASR printout 
from the initial character set. Note that turning the ASR off and on may 
punch a few rub-out characters on the tape. These should be Ignored 
while checking the t^>e. 

3. The program may be restarted by depressing the Master Clear and Start 
buttons. 

F. Error Stop 

1. If bits 0-5 of an Input word are non-zero, the program will stop with the 
S-Register (bits 0-7) containing a two (2). 

2. The accumulator may be examined to ascertain what Illegal character 
was input. (Note: The reader Inputs to bits 6-13 of the accumulator.) 

3. The program may be restarted by esEecutlng steps 4 and 5 In Section 
m. D. 

IV. Storage 

Number of locations used: 362g (102g-463g). 
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DATE 4/27/65. TJHE 2/57/30 P.M. 
PROJECT NO. 5iM9S PROCR&HMER E.E. O.HARE 



P*6E 1 



i 

CO 



1 

2 

3 

4 

9 

6 

7 

10 

11 

12 

19 

14 

15 

16 

17 

2f 

21 

2? 

23 

24 

25 

26 

27 

30 

31 

12 

»S 

S4 

35 
36 

17 
40 
41 
42 
43 
44 
45 
46 
47 
50 



00102 
0Q103 
09L04 
30105 
00106 
00107 
OOllO 
OOllt 
00112 
00113 
00114 
00115 
00116 
00117 
00120 
00121 
00122 
0012S 
00124 
00125 
00126 
00127 
00130 
00131 
00132 



00010 
00011 
00001 
00000 
00144 



32 
37 
3? 



00102 
226 
2^7 
3 225 



37 I 227 
01 D 24f7 
27 



23 
32 

10 
37 
32 

10 
37 

32 

37 

32 
37 
32 

37 
32 

37 
32 

36 
01 



104 
HO 
215 
224 
210 
216 

223 

204 

217 
230 
232 
214 
231 
213 
222 
227 
237 
203 
227 



ASRI«T8E^U 10 
ASR0RT8EJJ 11 
4SR1CN EOU 
ASROCN EUU 
TIMES EUU 



TAPE NUMBER 512641 

ASR PUNCH-READER TEST 

PROGRAM LIBRARY 

PROGRAM NO, P-50 DISA 



THE FOLLOWING ARE PROQRAM PARAMETfRSi 

ASR INPUT INTERRUPT LOCATION 

ASR OUTPUT INTERRUPT LOCATION 

ASR INPUT CHANNEL NUMBER 

ASR OUTPUT CHANNEL NUMBER 

NUMBER OF LINES TO BE RE*D OR PUNCHED 



1 


uo 



27 127 



UNL 
*SRRRr ORG 

f BENi. 
STi 

' 8ENu 
1 A i ^ T 5 T ;. 
OCR 
HJP 
CLJ 
ENL 

I BAUD 

STL 
ENL 

I 8A0U 

STL 
ENL 
STL 
ENL 
STl 
ENL 
STl 

' ENL 
STL 
ENL 
20A5'<T RJP 
DCH 
KJP 



ACC»1 

130) 

CHRSTU 

CHRSIQ 
iOASRT 

iS.'^ IT'-I 
JIOOU ) 
INTCOI 
ASROCrt 

34000) 
'J'JTCOH 

NUMTJM 

COUNT 

OUTINS 

ASR0L3. I 

1NTIN3 

ASRILO. I 

12) 

CHRSTO 

TURNO". 

U'JTONr 

C-iRSTD 

:;3A5RT 



STORC ir.Sj^c IMTFRRUPTS tCtJ .11 IN ALL 
THE I'-^T-RrTU^T LOCATIONS 



CLEAR LOCKOUT 

STORE PRDPgR CHANNEL IN INPUT COHHaND 

STORE PROPgR CHANNEL IN OUTPUT CONNAND 
SET MAXIMUM NUMBER OF LINES TO BE READ 
STORE OUTPUT INTERRUPT INSTRUCTION 
STORE INPUT INTERRUPT INSTRUCTION 

TURN ON ASH SET IN PRRScRIBBD MANNER 



0*TE 4/27/65, TIME 2/57/45 P.M. 
PROJECT NO. 5J0353 PROCRAHMER E.E. O.HARE 



p*6E a 



TAPE NUMBER $12641 



to 
I 



51 












£JF 




52 


00133 


32 





233 


START 


ENL 


SiORAQ 




OOIS". 


37 





227 




STl 


CHRSTO 




00135 


36 





207 




HJP 


INTONE 




00136 


36 





207 


INPUT 


KJP 


NTONE 




00137 


37 


1 


227 




STL 


CHRSTO, I 




00140 


12 





221 


J 


BAND 


77) 




00141 


20 





146 




2JP 


CKMINS 




00142 


32 


I 


227 




ENL 


CHRSTO, I 




00143 


00 





002 




SIP 


2 




00144 


12 





220 


J 


BAND 


37700) 




00145 


37 


1 


227 




STL 


CHRSTO. I 




00146 


23 





147 




CLJ 


L*2 




00147 


32 


1 


227 


CKHINS 


E"! 


CHRSTO, I 




00150 


11 





235 




sur 


'INUS 




00151 


20 





156 




2--' 


eS5T 




00152 


32 





227 




ENL 


w IRSTO 




00153 


11 


— 


234 




SUB 


LIMIT 




00154 


20 





135 




ZJP 


INPUT 




00155 


01 





227 




OCR 


CHRSTO 




0015& 


24 





135 




JMP 


INPUT 




00157 


32 





233 


RESET 


ENL 


STORAG 




00160 


37 





227 




STL 


CHRSTO 




00161 


32 


1 


227 


OUTPUT 


ENL 


CHRSTO, I 




00162 


16 





101 




NSH 


ACC 




00163 


36 





203 




RJP 


OUTONE 




00164 


32 


1 


227 




ENL 


CHRSTO. I 




00165 


xl 





235 




SUB 


MINUS 




00166 


20 





170 




ZJP 


RUBOUT 




00167 


01 





227 




OCR 


CHRSTO 




00170 


24 





160 




JMP 


OUTPUT 




00171 


32 





237 


RUBOUT 


ENL 


TURNUN 




00172 


36 





203 




RJP 


OUTONE 




00173 


32 





230 




ENL 


COUNT 




00174 


20 





132 




ZJP 


START 




00175 


01 





230 




OCR 


COUNT 




00176 


27 





132 




PJP 


START 




00177 


32 





236 




ENL 


TURNOr 




00200 


36 





203 




RJP 


OUTONE 


120 


00201 


00 





001 




STP 


1 



SET CHARACTER STORAGE INDEX 

IGNORE FIRST CHARACTER 

INPUT A CHARACTER 

STORE CHARACTER INPUT 

CHECK FOR ILLEGAL BITS SET (0-5| 

BRING ILLEGAL CHARACTER TO ACCUMULATOR 
STOP MITH S-REGISTER SET TO A TNO 

STRIP Orr ILLEGAL BITS 
CLEAR LOCKOUT ON A STOP 
CHECK FOR A MINUS SIGN 

IT IS. EXIT TO OUTPUT 



MAXIMUM NUMBER OF CHRS HAVE BEEN INPUT 
DECREMENT CHARACTER ST0RA6E INDEX 



RESET CHARACTER STORAGE INDEX 

BRING CHARACTER AND SHIFT INTO POSITION 
OUTPUT ONE CHARACTER 



CHARACTER IS A MINUS S|QN, TEST COUNTER 
DECREMENT CHARACTER STORAGE INDEX 
OUTPUT NEXT CHARACTER 

OUTPUT A RUBOUT CHARACTER 

IF COUNT IS ZERO. READ AND PUNON CONTINUOS 

DECREMENT COUNTER 

CONTINUE READING AND PUNCHING 

TURN OFF ASR SET AND STOP UfTH S-REG ■ 1 



DATE 4/27/65. TIME 2/57/50 P.M. 

PROJECT NO. 530053 PROGRAHMER E.C. O.HARe T*PE NUHBER 512641 
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121 
122 
123 
124 
125 
126 
127 
130 
131 
132 
133 



00202 24 101 

00203 00000 

00204 34 000 

00205 01 000 

00206 24 1 203 

00207 00000 

00210 30 000 

00211 01 000 

00212 24 1 207 



JMP ASRPRT 



OUTONE ... 
OUTCOH OUT •• 
OCR PC 
OPTRTn RTN 

INTONE ... 
INTCOM INT •• 
OCR PC 
IPTRTN RTN 



REPEAT 



OUTPUT A CHARACTER 
MAIT FOR INTERRUPT 
INTERRUPT RETURN 



INPUT A CHARACTER 
UAIT FOR INTERRUPT 
INTERRUPT RETURN 



to 



DATE 4/27/69. TINE 2/57/51 P.M. 
PROJfiCT NO. 930fl93 PKOCRAHHER E.E. O.HARE 

EJE 



TAPE NUMBER 912*41 























••21S 


00010 




••214 


00011 




••219 


00001 




••216 


00000 




••217 


00144 


144 






149 








••22« 


S7700 




••221 


01077 




••222 


••014 




••22S 


S4B00 




••224 


9««00 




••229 


2S400 




••226 


••!•• 



THE FOLLOWING NAY BE PR06RAN INPUTSl 
ASRILO OCT ASRIRT ASR INPUT INTERRUPT LOCATION 

ASROLO OCT aSRORT aSR OUTPUT INTERRUPT LOCATION 

ASRICH OCT ASRICN ASR INPUT CHANNEL 

ASROCH OCT ASROCN aSR OUTPUT CHANNEL 

NUHTIN OCT TINES NUMBER OT LINES TO Bf NfAB ON PUNCNNB 

BEN 
MRD 
HRO 
MRD 
NRO 
MRO 
MRD 
MRD 



I 

OS 



DATE 4/27/65, TINE 2/57/53 P.M. 
PROJECT NO. 530053 PRQGRAHMER E.E, O.HARE 



PACE 5 



Tape number 5i264i 



14« 


00227 




00000 


CHRSTQ 


OCT 




147 


00230 




00000 


COUNT 


OCT 




150 


00231 


23 


211 


INTINS 


CLJ 


IPTRTN 


151 


00232 


23 


205 


OUTINS 


CLJ 


OPTRTN 


152 


00233 




00463 


STORAG 


DEC 


BUFFEH*147 


153 


00234 




00240 


LIMIT 


DEC 


BUFFER 


154 


00235 




25500 


MINUS 


OCT 


25500 


155 


00236 




17741 


TURNOF 


OCT 


17741 


156 


• 0237 




37740 


TURNON 


OCT 


37740 


157 






00240 


BUFFER 


STN 


L 


160 






BOOOO 




END 





CHARACTER STORAGE INDEX 

COUNTER FOR NUNBER OF LINES 

INPUT INTERRUPT INSTRUCTION 

OUTPUT HTERRUPT INSTRUCTION 

BEGINNING OF BUFFER INDEX 

END OF BUFFER INDEX 

ASR MINUS SIGN CODE 

ASR TURN OFF CODE 

ASR TURN ON CODE 

BUFFER STORAGE FOR CNARACTERS 



CO 

I 

-a 



I 

00 



DATE 4/27/65. TINE 2/57/55 P.N, 

PROJICT NO. 530053 PROCRJIHNER G.i. O.HARE TAPE NUHKII 512*41 

STARTED 4/27/65. 2/57/01 P.H. 
eONPLETED 4/27/65. 2/57/55 P.N. 
NUNBER OF INPUT RECORDS 112. 
NUNBiR or OUTPUT RECORDS 119, 
NUNBER or BINARY RECORDS 97. 



HIGH SPEED PUNCH-READER TEST (D16A) 

1. Purpose of Test 

To verify the proper operation of the high speed punch and reader, 

II. Description of Test 

The test program begins by punching 12 blank characters (leader) and 255 data 
characters. After this paper tape has been punched, it should be placed in the 
high speed reader. 

The program then reads the paper tape that has been punched and compares each 
character to the character used as data. If a character input is not the same as 
the data character, a punch or reader error has occurred and the program stops. 

After reading the paper tape, the program repeats the punch cycle and the read 
cycle until both cycles has been performed eight times. (This number can be nnod- 
ified.) After eight times, the program stops. 

All interrupts other than the punch and reader interrupts are ignored while the 
test is in progress. Interrupts and channel numbers used in the test program 
must correspond with the existing hardware setup, 

III, Description of Operation 

A, Read in the binary tape of the high speed punch-reader test using the boot- 
strapped binary loader, 

1, Put machine in Write mode; depress the Master Clear button. 

2, Using the probe, load the X-Register with the starting location of the binary 
loader (76028, 176028, 276028, or 376028); depress the Start button, 

3, Put machine in Run mode; depress the Master Clear button, 

4, Place the binary tape under the tape reader, 

5, Turn the reader on, 

6, Depress the Start button, 

B, Enter the test parameters. 

1, Put machine in Write mode; depress the Master Clear button, 

2, Using the probe, load the S-Register with the parameter location, 

3, Using the probe, load the X-Register with the parameter value; depress the 
Start button, 

4, Repeat 2 and 3 until all the following parameters have been entered: 
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Location: Preset: Description: 

1748 PCHL(6C 6 Punch Interrupt Location 

175g RDRL0C 22g Reader Interrupt Location 

1768 PCHCHA SOg Punch Channel 

177g RDRCHA 648 Reader Channel 

2008 NUMTIM lOg Number punch-reader cycles 

NOTE: If zero is entered as the number of punch-reader cycles (location 
2008), t^ tos^ ^11 fun continuously. 

C. Start the Test 

1. Put machine in Write mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(lOlg); depress the Start button. 

;^. Put machine in Run mode; depress the Master Clear button. 

4. Depress the Start button. 

D. Normal Execution 

1. After the punch completes one punch cycle, place the paper tape under the 
high speed reader; turn the reader on. 

2. After the proper number of punch-reader cycles have been completed (lo- 
cation 2008). the machine will stop with the S-Register (bits 0-7) containing 
one (1). If location 2008 is zero, the test runs continuously. 

i. The test may be restarted after a one stop by depressing the Master Clear 
and Start buttons. 

E. Error Stop 

1. If a character is mispunched or misread, the machine will stop with the 
S-Register (bits 0-7) containing two (2). 

2. The accumulator (location 1018) may be examined to ascertain what char- 
acter was vpput. (Note that the reader inputs to bits 6-13 of the accumu- 
lator.) 

3. The program may be restarted after a two stop by putting the machine in 
the Run mode and depressing the Master Clear and Start buttons. 

IV. Storage 

Number of locations used: 5328 (1028 - 6338) 
V. Run Time 

Program runs at the speed of the high speed reader and punch. 

Recommended Run Time: 25 minutes 
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Hltirt SPEEU PUNCH-READ6K TfcST PHQGKAM NO, P-50 D16A 

1 HIGH SPEED PUNCH -READEK TEST 

2 

3 PHOUNAH LIBRARY 

* PKOGKAM NO. P-50 DX6A 

5 

6 

7 

10 THE FULLOHING *RE PRUUHaM PAKAMfcTtKSJ 

11 00006 PCHJKTdfcUU 6 PUNCH INTEKRUPl LOCATION 

12 0U0ir2 KDKIRTSfcUu 22 RtAUEK IMEKRUPT LUCAllON 

13 000t>0 PCHCHN8EUU bO PUNCH CHANNEL NUMbER 

14 00064 HDRCHNBfcUU 64 RbAUEh CHANNEL NUMBER 

15 OUOIO TIMES bUU 6 NO, OF CYCLES !0 tit READ OR PUNCHED 



o 

w 17 UNt 



16 



20 00102 HNRUTT UKG ACC*l 

21 U0102 32 217 J BENL 100) 

22 UU103 67 2Ui STL BOFFbR 

23 UU104 i2 216 j BENL 23400) STOKE IGNUkE INTEKKUPTS [CLJ .1] IN ALL 

24 00105 i7 1 203 lORPT STL BUFFtR.I THE INIEHKUHT LOCATIONS 

25 UU106 Ul 203 UCR bUFFEN 

26 UU107 ti7 104 PJP lORPl 

27 UOllO <;3 U 110 CLJ L*l RELEASE LOCKOUT 

30 UOlll 32 17/ ENL RURCMA 

31 U0112 10 21'5 V BAUD 30000) 

32 00113 37 i;>3 S>TL INTCUM STORE HKOPEK CHANNEL IN INPUT COMMAND 

33 00114 32 176 ENL PCHCHA 

34 00115 10 214 J BAUD 34Q0U> 

35 00116 37 142 STL OUTCUM STORE PROKbK CHANNEL IN OUTPUT COMMAND 

36 00117 J2 200 tNL NUMTiH 

37 00120 37 204 i, 1 L COUNI SET MAXIMUM NUMBtH OF LINES TO BE REAU 

40 0U121 32 213 V ENL D 

41 00122 37 205 STL FTIMfG SbT FIRST TiMb FLAG TO IGNORE FIRST CHA 

42 0U123 32 202 ENL RDRlNS 

43 001^4 37 1 I7t) SIL RUKLUC.I STOKE RtAUEK iNTbKKUPT LOCATION 

44 00125 32 U 201 bNL PCHiNo 

4t) OUUb 37 1 1/4 blL PCMLUC.I STOKb PUNCH INIfcKKUPT LOCATION 
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HIGH SPEED PUNCH.REaDE>^ TEST 



PROGKAH NO, H-50 016A 



o 
I 



46 












EJE 




47 


00127 


32 





21i! 


VCYCLE 


ENL 


OATA*NBLNKS*OrF*l) 


$0 


00130 


37 





206 




STL 


LENGTH 


Si 


00131 


32 





211 


J 


ENL 


BASE^OATA^NBLNKS) 


$2 


00132 


37 





203 




STL 


BUFrkR 


53 


00133 


01 





206 


PCHRTN 


OCR 


LENGTH 


54 


00134 


20 





143 




2JP 


RESET 


55 


00135 


01 





203 




UCR 


BurrfcH 


56 


00136 


32 


1 


203 




ENL 


BUFFEH,! 


57 


00137 


16 





101 




RSH 


ACC 


60 


00140 


25 





141 




CJP 


OUTCUH 


61 


00141 


03 





101 




SHB 


ACC 


62 


00142 


34 





000 


OUTCOM 


OUT 


• • 


63 
64 
65 


00143 


01 





000 




OCR 


PC 


00144 


32 





210 


VRESET 


ENL 


OATA^l) 


66 


00145 


37 





206 




STL 


lengih 


67 


00146 


32 





207 


J 


ENL 


BASE^DATA) 


70 


00147 


37 





203 




STL 


BUFFER 


71 


00150 


n 





206 


RORLOP 


OCR 


LENGTH 


72 


UOISI 


20 





16!> 




iJP 


CNTEST 


73 


0U152 


Ul 





203 




OCR 


BUFFER 


74 


00153 


30 





000 


INTCOH 


INT 


• • 


75 


00154 


01 





000 




OCR 


PC 


76 


00155 


01 





205 


RQRRTN 


OCR 


FTIMFG 


77 


00156 


20 





126 




UP 


CYCLfc 


100 


00157 


37 





205 




STL 


FTIHKG 


101 


00160 


11 


1 


203 




SUB 


BUFFER. I 


102 


00161 


20 





147 




ZJP 


RORLUP 


103 


00162 


10 


1 


203 




ADO 


BUFFER,! 


104 


00163 


20 





152 




UP 


INTCOH 


105 


00164 


00 





002 




STP 


2 


106 


00165 


23 





147 




CLJ 


RORLOP 



NUHBER OF CHARaCTEHS TO BE PUNCHED 

START OF PUNCH BUFFER 

ONE PUNCH CYCLE DONE. GO TO READ CYCLE 

ENTER CHAHACTEK 

POSITION CHARACTEH 

TURN OFF CHAR - 00 NOT SET FEED BIT 

SET FEED BIT (BIT 13) 

OUTPUT CHARACTER 

WAIT FOR INTERHUFT 

NUNBER Of CHARACFEHS TO BE HEAD 
START OF KEADEK BUFFER 

ONE READ CYCLE DUNE. TEST COUNTER 
DECREMENT BUFFER INDEX 
INPUT A CHAHACTEK 
MAIT FOR INTEKNUPI 

IGNORE FIRST GAHUAGE CHARACTER 
UNSET FIRST TIHE FLAG 

CHARACTER CHECKS NlTH BUFFER CHaRACTEN 

CHARACTER IS A BLANK, IGNORE IT 
CHARACTER DOES NOT CHECK HITH BUFFER UHR 
CONTINUE CHECKING AFTER VISUAL INSPECI ION 
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HIGH SPEED PUNCH-READER^ TEiiT 



o 



107 
110 
111 
112 
113 
114 
115 
116 
117 

12U 
121 
122 
123 
124 
12 i 
126 
127 

130 
131 
132 
133 
134 
135 



00166 
00167 
00170 
00171 

00172 
00173 



00174 
0U175 
0U176 
0017*7 
uUi!UO 

U0201 
00202 
U0203 
UU^04 
00205 
00206 

00207 
00210 
00211 
00212 
00213 
00214 
00215 
00216 
00217 



32 

20 
01 
27 
00 
24 



23 

i : 



204 

126 
204 
126 
001 
101 



00006 
00022 
00050 
00064 
OOOlO 

1^2 
154 
JOOOO 
L UOOO 
OUCOO 
OUOOO 

00620 
004U0 
00634 
00415 
00001 
^4000 
30000 
23400 
DUIUO 



PHOGkam no, K-50 U16A 



CNTtST 



EJE 
kNL 
^JP 

^■JP 
bTP 

JMP 



COUNT 

CYCLE 

COUNT 

CYCUfc 

1 

PWHDTT 



ir NUMBER OF TlMEb IS ZERO. TEST FOREVEH 

REPEAT PUNCH AND KtAD CYCLE 

DEblRED NUMbEH OF CYCLES HAS BEEN COMKLfcTU 

RESTART TtST 



The fOLLU»<lNG MAY BE PKOURAM INPUTS: 
PCHLUC OCT PCHIHT PUNCH INIEkRUPT LOCATION 

RDRLOC OUT RDHIHT READEH iNlfcHRUPT LOCATION 

PCHCHA OCT PCHCHN PUNCH CHANNEL 

RDRCHA OCT ROHCMN RtAUEK CHANNfcL 

N'JMTIM OCT TlMtb NUMtiEH UF CYCLbS 10 BE HbAU OH PUNQHEU 



PC-INS 
HDr( INS 
BUT r be 
COUNT 
FTIMFG 
LENGTH 



CLJ 
CLJ 
OCT 
UCT 
OCT 
OCT 
GEN 
WHD 
NKD 

MKO 

WHO 
NKD 
kiNO 
MKD 
NKD 



PChRTn 
H JRRT N 



PUNCH 1N1=KHUKT INSTRUCTION 

READEH INTEKKUPT INSTRUCTION 

START OF PUNCH Oh HbAUER BUFFER 

NUMBfcN OF CYCLES LUUNTfcR 

FIRST TIME FLAG Tu IGNORE GaRBaGE CHAH 

UfcNGTH OF PUNCH OR KtADEH BUFFER 
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HIGH SPEED PUNCH.READE*^ TEST 



136 

137 

140 

141 

142 

143 00220 

144 

14S 

146 00221 

147 

ISO 

191 00620 

152 



PROGKAH NO, P»50 016A 



00014 


NBLNKJ 


> EUU 


12 


00377 
OOCOl 


DA'T'* 
OFF 


EUU 

equ 


2S5 

1 


00003 




HPT 
OCT 


OFF 
3 


00100 


BASE 


KPT 
OCT 


DATA 
L«^1-HASE*100 


OUOOO 

ooeoo 




RPT 
OCT 
END 


NBUNKS 




NUMBER OF BLANKS FOR PUNCH TO WaHH UP 
NUHBER OF OaTa CHHS TO BE MEaO OK PUMCHEO 
NUMBER OF TUKN-UFF CHRS FOR PUNCH 
DaTa BUFFEM FOH HUNCH AND NEaOER 

TURN OFF PUNCH (BIT Q « D 



OATAI 00000001, 00000010,... *llltllll(>-l2» 



TURN ON PUNCH AND HUNCH BLANK 



o 
I 



MARK II ANALOG INPUT STATISTICAL TEST (D17B) 

L Purpose of Test 

To read a variable number of analog points and print the test results on an ASK 
set. 

IL Description of Test 

From one to four vidars can be checked, with the following restrictions: 



Test 1 vidar 
Test 2 vidars 
Test 3 vidars 



Vidar #1 will he testerl 
Vidars #1. #2 will be tested 
Vidars #1, #2. ff3 will lie tested 



A maximum of 14 pounts per vidar can be checked. 

The first 20 values and their frequency are rerorded for each point. After every 
point has been read CYCLPJS (specified in initi;iliz;itton) times, the results are 
printed on the document device. If the sp.in adjustment feature is selected, the 
span values are also printed on the document device. 

The test can be operated with or without span adjustment. The last point specified 
for each vidar will be taken as the span calibrate point if this option is selected. 
This point must be short circuited for proper operation of span adjustment. Span 
point settings are printed every a re.ulings if the span print option is selected. 
When the test has gone through the number of scan cycles specified by CVCLICS, 
the data collected in the tables is output in the format t)elow. 



Col. 1 


Col. 2 


Col. 3 


Col. 4 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


00100 


00100 


00077 


00077 


10007 


00033 


17457 


00001 


10010 


00021 






10006 


00020 






10011 


00003 






10005 


00001 






10007 


00041 


17457 


00002 


10006 


00022 






10005 


00001 






10010 


00012 






10011 


00002 






10007 


00045 


17357 


00004 


10010 


00017 






10006 


00011 






10005 


00001 






10011 


00002 






00002 


00047 


17357 


00010 


00003 


00025 






00001 


00004 







The four columns are the span 
point settings for the 4 vidars 
Icing tested. Column 1 is lor 
vidar #4, column 2 is for vidar 
"3, column 3 is for vidar *2, and 
column 4 is for vidar #1. 



Column 1 contains the reading 
t.aken. No conversion is done and 
the readings are the actual inputs. 



Column 2 contains the frequency 
at which each reading occurred. 



Column 3 contains the word and 
channel address together with the 
gain at which the point was read. 



Column 4 contains the liit address. 
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Col. 1 


Col. 2 Col. 3 Col. 4 


10010 


00013 27257 00020 


10005 


00015 


10007 


00017 


10004 


00011 


10006 


00017 


10003 


00001 


Description of Operation 


A. Read in 


the binary tape of the Analc 



All numbers are octal. When 
more than one vldar is being 
tested, the readings for the 
highest numbered vidar are 
printed out first. 



binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (76028, 176028. 27602g. 376028); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn on reader. 

6. Depress the Start button. 
B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 

Description 

Analog conversion complete interrupt koc. 

No. vidars to be tested 

Document device output channel 

Document device output complete int. uoc. 

No. points per vidar to be tested 

No. cycles before printout 

Tenths sec. delay between scans 

Zero to adjust span 

Zero to print span adjustment 

Gain, word, channel select control 

words for vidar no. 1 

Gain, word, channel select control 

words for vidar no. 2 

Gain, word, channel select control 

words for vidar no. 3 

Gain, word, channel select control 

words for vidar no. 4 

11-2 



Lociition 




Prese 


1008 


ANLINT 


2 


4018 


NUMTST 


4 


4028 


TYPCHN 





4038 


ASRINT 


118 


4048 


VDRADR 


14l0 


4058 


CYCLES 


1008 


4068 


CYCTIM 


lOlO 


4078 


SPNSET 





4108 


SPNPRT 





4118-4278 


ADRTBl 





430-446 


ADRTB2 





447-465 


ADRTB3 





466-504 


ADRTB4 






Description 

Bit select control words for vidar 

no. 1 

Bit select control words for vidar 

no. 2 

Bit select control words for \id;ir 

no. 3 

Bit select control words for vidar 

no. 4 

The format for the gain, word, channel select control words is as follows-. 

Bit 13 = 1 50 mv Bit 12 = 1 5 volts 



Location 




Preset 


505-523 


BITABl 





524-542 


B1TAB2 





S43-561 


B1TAB3 





562-600 


BITAB4 






Bits 13, 12 


gain 


Bits 11-6 


word 


Bits 5-0 


channel 



The bit select control words contain one bit set. 

C. Start the test. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-register with the starting location of the t'jst 
(600g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button; depress the 
Start button. 

D. The test runs continuously, reading each point the desired number of times 
and printing out the data. 

IV. Storage 

The program uses 71408 locations (4008-75378). 

V. Run Time 

Recommended run time: 4 hours. 



11-3 



PAGE 1 

P-50 MARK II ANALOG INPUT S'AUSTICAL "tST (D17B-1) 

1 PHCUKAM TITLfc: P-5C KAHK II ANALUU STATISTICAL TEST (Dl^tt-l) 

2 

3 UATE: JUNE 1,1966 

4 

5 SUURI;E COMPU-'ER: P-500. SYSTEMS LABt MESAP SO/500 

6 OBJECT CCHPUTEH: P-50 NARK II SERlbS 
7 

10 PHOGKAKMERJ C.VE'^TER 
11 

12 AdSTKAC^: This program IS A RBVISIOM of 0178. IN D17B-1 

13 THE ANALOG CONVERSION CONPLETE INTERRUPT 

14 INITIATES THE INPUT AriEH ALL VALUES HAVE HEEN 

15 STORED. IN 0170 NO VALUES ARE STORED UNTIL 

16 THE ANALOG CONVERSION COMPLETE INTERRUPT IS 

17 RECEIVED. SEE DESCRIPTION OF SAME CODE NUMBER 
20 AVAILABLE FROM C.S.D. DRAFTING SECTION. 

21 

22 COOING: NUT STNDKOl - REVISION OF 017A PROGRAMMED ORIGINALLY 

23 PRIOR TO STNORDl, 



I 
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P-50 MAWK II ANALOG INOU- sTa'ISTICaL 'ES^ (D17H-1) 

2'» fcJE ASSEMBLY PARAMETtRS 
i!5 

2* THE rULLOwING MA^ BE CHANGED AT HUN TjHE 

"^^ OJUO^ ANINT bUu t ANALOG CONvEHblON COMPLETE INTERRUPT LOCATION 

30 0U004 NUKVUK biJU a MAXIMUM NO. VIDARS TO BE TESTED 

31 OOOJO DOCOU"btl-L' U DOCUMENT DEVICE OUTPUT CHANNEL 

32 OUOll DOCl'M-f-tOj 11 DOCUMENT DEVICE OUTPUT COMPLETE INTgRHUP' LOCATION 
'3 THE FOLLOWING MAY NOT BE CHANGED EXCEPT b'' HcASSEHBLY 
3f OUUUl ASH cUu 1 ASH=1 TO UUT^UT ON ASR SET, »0 TO OU*PU' ON SELECTR'C 

35 004'J0 ORIblNbt^L' 40C PROGRAM ORIGIN 

36 00i)i6 VDRCHi8 = 'Ji 16 SPAN AND GAIN AND INPUT CHANNEL FOR VIUAR 1 
3' OUGoo VCHCHt'bt-U 3b SPAN AND GAIN AND INPUT CHANNEL FOR VRas; 2 
*0 000^6 VD«CH3HbJv 56. SPAN AND GAIN AND INPUT CHANNEL TOR VIUAR 3 
*1 OL'O'o VDHUH4btL;j -'6 SPAN AND GAIN AND INPUT CHANNEL FOR V!DA« 4 
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P-50 MARK II ANALOG INPUT STATISTICAL TgST (DX7B-1) 






42 








leJE 












UNL 








00400 




OKQ 


ORIGIN 












Ti 




00400 


0000<! 


ANLINT 


OCT 


ANINI 




00401 


00004 


NUMTST 


OCT 


NUMVUR 


50 


0U402 


00000 


TYPCHN 


oc- 


DOCOJT 


•>! 


OU403 


00011 


ASRINT 


OCT 


DOCINT 


52 


U0404 


00016 


VDRaDR 


DEC 


14 


53 


0U405 


00100 


CYCLES 


OCT 


lUO 


54 


U04U6 


00012 


CYCTIM 


UfeC 


10 


55 












56 


00407 


00000 


SPNSET 


OCT 






00410 


ouooo 


SPNPRT 


OCT 










AOPTBl 


HPT 


15 




00411 


00000 




OCT 










ADPTB2 


HKT 


15 




00430 


00000 




OCT 










AOPTBS 


RP"^ 


15 




00447 


00000 




OCT 










A0PTB4 


HPT 


15 




00466 


00000 




OCT 










bitabi 


HPT 


15 




00505 


00000 




OCT 










BITA62 


HPT 


15 




00524 


00000 




OCT 










BITAB3 


HPT 


15 




00543 


00000 




OCT 










BITAB4 


HPT 


15 




00562 


00000 




OCT 





HE rOLLOMING ARE INPUTS AT HUN TINE 
ANALOG CONVERSION COHPLETE INTERRUPT LOCATION 
NUNBER or VIDARS TO BE TESTED 
DOCUHENT DEVICE OUTPUT CHANNEL 

DOCUMENT DEVICE OUTPUT CONPLETE INTERRUPT LOCA'':0>t 
NUMBER or POINTS PER VIOaR TO BE READ 
NUMBER or READINGS PER POINT BEFORE PRINTOUT 
CYCTIM*1/10 SEC. > TIME DELAY BEFORE NEXT HtAD!\3 Or 

ALL POINTS 
ZERO TO ADJUST SPAN, NON-ZERO TO SKIP SPAN ADJUS' 
ZERO TO PRINT SPAN, NON-ZERO TO SHIP SPAN PRINT 
MORD CHANNEL SELECT FOR VIDAH NO. 1 

WORD CHANNEL SELECT FOR VIDAR NO. 2 

UORO CHANNEL SELECT FOR VlDAH NO. 9 

WORD CHANNEL SELECT FOR ¥|DAR NO. 4 

BIT SELECT FOR VIDAR NO. 1 

BIT SELECT FOR VIOAR NO. 2 

BIT SELECT FOR VIOAR NO. 9 

BIT SELECT FOR VIDAR NO. 4 
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P-50 MAKK II ANALOG INPUT STATISTICAL 'fcST iDl7b-l) 

^"0 fcJE PHOGrtAM CONThOL 
101 

102 UU601 d2 201 bLj L*l SET LOCKOUT 

103 UU602 ^6 1 376 J «„►> HESTkT INITIALIZE PROGKAH 

1U4 UU6U3 ib 2<!3 ANALOG K.H OOTanI INPUT DaTa. OUTPUT MULTIPLEXER ADDRESS 

1U5 UU6C4 16 3t>^ RbH IMJ 

106 0U6U5 iiV 216 KJP rir^S"! FIRST TIME - IGNORE INPUT 

1U7 UU6U6 d^ 2'J6 iSTtMG jrr^ L*l REPLACEABLE DURING INITIALIZATION 

no ULE 4-NUMVUR»2 STORE VALUES READ 

111 QU607 62 353 tN^ SaVE4 

112 OUblO i6 1 373 J HJP S^URt 

113 Ouen 32 3:34 tNL bAVE3 

114 UU612 36 1 3/5 HJP STORb 
P 115 0U613 i2 3i;5 fcNL SAVE*; 
J^ Xl6 0Ubi4 J6 1 375 kjH S"rORb 

ll7 UU615 02 336 fcNL SmVEI 

120 00M6 J6 1 3/5 kJP STCRt 

121 UU617 U3 Zoi riRST bMt) IND 

122 00620 16 3U1 KbH aNT WAIT FOR INTERRUPT 

123 0U621 27 202 PJP aNaLUG RECYCLE 

124 01J622 24 217 JMP l-2 
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P-fO HARK II ANALOG INPUT STATISTICAL TEST (DX7B-1) 



00 



125 
126 
127 
130 
131 
132 
133 
134 
135 
136 
137 
140 
141 
142 
143 
144 
145 
146 
147 
150 
151 
152 
153 
154 



157 



0U623 
00624 
0U625 

0U626 
00627 
0U630 
00631 
00632 
00633 
00634 
00635 
00636 
00637 

00640 
00641 
00642 
00643 

00644 
00645 
00646 
00647 
00650 
00651 
00652 
00653 
0U654 
00655 
00656 



EJE 



THIS SUBROUTINE IS ENTERED AFTER ALL PREVIOUS 
DATA HAS BEEN STORED AND THE ANAL06 CONVERSION 
COHPLETE INTERRUPT IS RECEIVED. IT {NPUTS DATa 
CURRENTLY ON THE DATA LINES AND STORES IT IN 
TEMPORARY LOCATIONS FOR EACH VIDAR. IT THEN 
OUTPUTS SPAN AND 6AlN AND MULTIPLEXER ADDRESS 
FOR NEXT POINTS. 



00000 
03 351 
24 225 



30 
37 
30 
37 
30 
37 
30 
37 
32 
24 



32 

12 
10 
37 
32 
12 
10 
37 
32 
12 
10 



076 
353 
056 
354 
036 
355 
016 
356 
374 
237 



34 076 
34 056 
34 036 
34 016 



307 
373 
372 

265 
311 
373 
172 
271 
3li 
373 
372 



OUTANI : . : 
bMB 

2NDCH6 jnp 
OLE 
INT 
S-L 
INT 

STL 
INT 
STL 
INT 
STL 
t 8ENL 

3RDCHG JHP 
OLE 

ou- 

UUT 

OUT 

OUT 

ULE 

ENL 

f 6AN0 

f 8A0D 

S"L 

ENL 

BAND 

BaDD 

S'L 

ENL 

BAND 

BAUD 



AWT 

L*l 

4-NUnVDR»2 

VDRCH4 

SAVE4 

VDRCH3 

SAVE4 
VDRCH2 

SAVE2 

VDRCHl 

SAVEl 

200) 

L*l 

4-NUMVOR 

V0RCH4 

VDRCH3 

VDRCH2 

VORCHi 

4-NUNVDR*4 

LA0R4 

377) 

32000) 

6AIN4 

LAUR4 

377) 

32000) 

6AIN4 

LADR2 

377) 

3200U) 



REPLACEABLE DURInS INITIALIZATION 

INPUT CURRENT DATA AND STORE TEHPORARILY 



OUTPUT SPAN AND 6AIN FOR NEXT POINTS 
REPLACABLE DURING INITIALIZATION 
RESET SPAN 



PICK UP SAIN 
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P-50 MARK II ANALOG INPUT STATISTICAL 'EST (D17B-1) 

175 00657 37 275 S"L GAIN*: 

176 00660 32 D 3l5 ENL LADRl 

177 00661 12 373 8*ND 377) 

200 00662 10 372 BAUD 32000) 

201 00663 37 301 STl QAINX 

ii!02 00664 24 264 4THCHG JMP L*l REPLACEABLE DURING IN J TULIZATION 

'^01 OLE 4-NU1VDR-4 OUTPUT SPAN AND GAIN 

204 00665 32 066 GAIN4 fcNL ADR"rtt4 

205 00666 12 371 V BAND 30000) 

206 00667 10 1 370 J ADD SPwRD4 

207 00670 34 076 UU"!" VDRCH4 

210 00671 32 047 GAIN3 £NL ADRTb3 

211 00672 12 371 BAND 3000U) 

212 00673 10 1 367 j ADD SPwRD3 

213 00674 34 056 OUT VDRCM3 

214 00675 32 030 GAIN2 fcNL ADRTb2 

215 00676 12 371 BAND 30000) 
1^ 216 00677 10 1 366 J ADD SPWRU2 

217 00700 34 036 OUT VDRCM2 

220 00701 32 Oil GAlNl ENL AUR^^ttl 

221 00702 12 371 BAND 30000) 

222 00703 10 1 365 j ADD SPwRUl 

223 00704 34 016 OU' VURCHl 

224 00705 24 305 5THCHG JMP L*l REPLACEABLE DURING INITIALIZATION 

225 bLE 4-NUMVuR»2 OUTPUT MUlTIPlEXEH ADDHESSeS FOR NgXT POINTS 

226 00706 32 162 tNL BlTAb4 

227 00707 34 1 066 LADH4 OU" ADRTd4,I 

230 00710 32 143 ENL BirAb3 

231 00711 34 1 047 LADH3 UU" ADRTBi,I 

232 00712 32 124 ENL BITAb2 

233 00713 34 l 030 LADR2 OUT AURTb2tI 

234 00714 32 105 fcNL BlTAbl 

235 00715 34 1 Oil LaDRI OUT AURTbl.I 

236 00716 32 364 J 8ENL 400) OUTPUT TO TRIGGE« ANALOG CONVERSION 

237 00717 34 016 UUT VDRCHi 

240 DLE 4-NUflVDR»6 UPDATE POINT ADDRESSES 

241 00720 32 306 ENL LADR4-1 

242 00721 10 363 V ADD 1) 

243 00722 37 306 bT|. LADR4-1 

244 00723 32 307 tNu LADR4 



CO 
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P-50 HARK M ANALOG INPUT STATISTICAL 'EST (0178-1) 



I 

o 



245 


00724 


10 





363 




ADD 


1) 


246 


00725 


37 





307 




bTL 


LADR4 


247 


00726 


32 





310 




ENL 


LADR3-1 


250 


00727 


10 





363 




ADD 


1) 


251 


00730 


37 





310 




STL 


LA0R3-1 


252 


00731 


32 





311 




ENL 


LA0R3 


253 


00732 


10 





363 




ADO 


1) 


254 


00733 


37 





311 




STL 


LAORo 


255 


00734 


32 





312 




ENL 


LADR2-1 


256 


00735 


10 





363 




AOO 


1) 


257 


00736 


37 





312 




STL 


LA0R2-1 


260 


00737 


32 





313 




ENL 


LAOR^ 


261 


00740 


10 





363 




AOO 


1) 


262 


00741 


37 





313 




STL 


LA0R2 


263 


00742 


32 





314 




ENL 


LADRl-1 


264 


00743 


10 





363 




ADD 


1) 


265 


00744 


37 





314 




STL 


LADRl-l 


266 


00745 


32 





315 




ENL 


LADRl 


267 


00746 


10 





363 




ADD 


1) 


270 


00747 


37 





315 




STL 


LAORl 


271 


00750 


24 


1 


223 




KTN 




272 
















273 


00751 




00000 


ANT 


UCT 




274 


00752 




00000 


IND 


OCT 




275 












OLE 


4-NUHVDR 


276 


00753 




00000 


SAVE4 


OCT 




277 


00754 




00000 


SAVE3 


OCT 




300 


00755 




00000 


SAVE2 


OCT 




901 


00756 




00000 


SAVEl 


OCT 




302 












OLE 


4-NUnVOR 


303 


00757 


32 





163 


BITFX4 


ENL 


BITAt<4«l 


304 


00760 


32 





144 


BITFX3 


ENL 


BITAB3«1 


305 


00761 


32 





125 


BITFX2 


ENL 


6ITAB2*1 


306 


00762 


32 





106 


BITFXI 


ENL 


BI7AU1«1 
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P-50 H*RK II ANALOG INPUT STATISTICAL TEST (0178-1) 



307 



00763 


00001 


00764 


00400 


00765 


02162 


00766 


02161 


00767 


02160 


00770 


02157 


00771 


30000 


00772 


32000 


0U773 


00377 


00774 


00200 


00775 


01400 


00776 


01000 



EJE 

MHD 
MHO 
MKD 
NKO 
MHO 
MNO 
MHO 
MKD 
MKO 
NHD 
NHD 
MKD 
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P-50 MARK II ANALOG INPUT STATISTICAL "^EST (D178-1) 



I 

M 
t9 



ilO 






01000 




311 












312 












313 


01000 




00000 




3l4 


01001 


i2 


1 


370 


V 


315 


01002 


10 





3ft7 


J 


316 


OIUOJ 


i7 


1 


366 


J 


3l7 


01004 


42 


1 


365 


J 


320 


01005 


d7 





276 




321 


01006 


02 


1 


364 


J 


322 


01007 


47 





27Z 




323 


01010 


32 





364 


4 


324 


01011 


37 





273 




325 


01U12 


32 





271 




326 


01019 


47 


1 


273 




327 


01014 


01 





273 




930 


01015 


27 





012 




331 


01016 


23 





016 




352 


01017 


32 





276 




393 


01020 


10 





362 


J 


994 


01021 


37 





274 




335 


0X022 


32 





361 


J 


396 


01023 


37 


1 


274 




397 


01U24 


32 





271 




940 


01025 


10 





276 




941 


01026 


10 





362 




342 


01027 


37 


1 


276 




949 


01090 


32 





272 




344 


U1091 


10 





362 




945 


01092 


37 





274 




946 


01099 


32 





360 


<! 


947 


01094 


97 


1 


274 




950 


01035 


32 





270 




951 


01U96 


10 





272 




952 


01037 


10 





362 




959 


01040 


37 


1 


2/2 




354 


01041 


o2 


1 


357 


J 


355 


01042 


47 


1 


3>6 


V 


356 


01049 


42 





35t 


J 


357 


01044 


37 


1 


354 


V 



HESTRT 



UKG 0HIGli^«256 

THIS SUBRUUTINE INITIALIZES THE INTERRUPTS AND 
THE TEST PROGRAM TO START OR HESTART THE TEST. 



ENL 
6AUD 
b'L 
ENL 
STL 
ENL 
STL 
8ENL 
SIL 
ENL 
STL 
UCR 
PJP 
CLJ 
ENL 
ADO 
STL 
ENL 
STL 
ENL 
ADD 
AOO 
STL 
EML 
AUO 
STL 
ENL 
STL 
ENL 
AOO 
AOO 
STL 
fcNL 
S"L 
ENL 
S-L 



TYPCHN 
3400U) 
UUT*i 

asrint 

TYPinT 

anlint 

INTLUC 

100> 
LS'INT 

CLJOl 
LSTINT,I 

lstint 

L-2 
L*l 
TYPINT 

69) 

rnd 

INTR1N-1) 

RNU.i 

CLJOl 

TYPINT 

65) 

TYPINT. I 

INTLUC 

69) 

HNO 

ANLNT) 

RND»I 

RJPINS 

INTLUC 

6S) 

INTLUC, I 

CYCLES 

PHTOUT 

b) 

SPNCNT 



INITIALIZE DOCUMENT DEVICE OUTPUT CHANNEL 

INITIALIZE DOCUMENT DEVICE INTERRUPT LOCATION 

INITIALIZE ANALOG CONVERSION COMPLETE fMT. LOC. 
STORE IGNORE INTERRUPTS IN ALL LOCATIONS 



CLEAR LOCKOUT 

STORE TYPER INTERRUPT JUMP LOCATION 



STORE JUMP IN TYPER INTERRUPT LOCATION 
STORE ANALOG INTERRUPT JUMP LOCATION 

STORE RETURN JUflFiN4kNAL0« ^NTiRRUPT LOCATION 

NO. CYCLES BEFORE PRINTOUT 

INITIALIZE CYCLE COUNT FOR SPaN ADJUST 



I 

03 
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P-50 MARK II ANALOG InPU-^ STATISTICAL "bST (Di7H-l) 



fcNL NUMTsT 

bTL Ki'JD 

fcNL ) 

ADD VDHAUH 

UCH HND 

KJr" L-2 

i>TL TOTAUrt 

Si'L FInCnT 

bNL NUMTbT 

DCR ACC 

STL RnU 

LSH ACC 

LSH ACC 

ADD Hi^D 

LbH ACC 

LSH ACC 

STL 20DCH 

fcNL 0) 

UL£ 4-NUriVDR 

STL SPAN4 

S'L SPANd 

STL SHaN^ 

S'L SPANl 

ENL SPlNiT 

DLE 4-NUf1VDH 

STL SPMRU4 

STL SPWRU3 

STL SPHRU2 

S'^L SPWHUI 

S«8 ANT 

CMB K^D 

DLE 4-NUHVDR«10 

fcNL VURaOR 

ADD AURTtt4) 

S"l rnd 

fcNL ADRTB4 
STL HND, 1 
k^l VURADR 
ADO BITAti4: 

S"L HND 



i60 


01045 


32 


1 


353 


«/ 


361 


01046 


47 





274 




362 


01047 


32 





352 


J 


363 


01050 


10 


1 


351 


V 


364 


01051 


01 





274 




365 


01052 


^7 





047 




366 


01053 


37 


1 


350 


J 


367 


01054 


67 


1 


347 


J 


370 


01055 


32 


1 


353 




371 


01056 


01 


1 


362 




372 


01057 


37 





'74 




373 


01060 


!■» 


-_ 


j2 




374 


01061 


14 


i 


362 




375 


01U62 


10 





274 




376 


01063 


14 


1 


362 




377 


01064 


14 


1 


362 




400 


01065 


37 


1 


346 


J 


401 


Or066 


32 





352 




402 












403 


01067 


37 


1 


345 


J 


404 


01070 


37 


1 


344 


J 


405 


01071 


37 


1 


343 


J 


406 


01072 


37 


1 


342 


J 


407 


01073 


32 





275 




410 












411 


01074 


07 


1 


341 


J 


412 


01075 


37 


1 


340 


J 


413 


01076 


37 


1 


337 


V 


414 


01077 


37 


-1 


336 


V 


415 


01100 


03 


1 


335 


V 


416 


01101 


02 


1 


334 


V 


417 












420 


01102 


32 


1 


351 




421 


01103 


10 





333 


J 


422 


01104 


37 





274 




423 


01105 


32 


1 


343 




424 


01106 


37 


1 


2 74 




425 


01107 


32 


1 


351 




426 


OHIO 


10 





332 


V 


427 


01111 


37 





274 





CALCULATE TOTAL NO. POINTS TO BE TESTED 



HODiry CONSTANT 20DCH 



INITIALIZE SPAN ADJUST WORDS TO ZERO 



SET INITIAL SPAN VALUE 



CLEAR ANALOG INTERRUPT INDICATOR 

SET FIRST READ INDICATOR 

STORE FIRST POINT aNd BIT ADDRESS FOLLOMINC LaST 



P*GF 11 

P-50 «AR*< 11 ANAwDCi Input STa • i ^t ic au 



I 



430 


01112 


32 




332 




431 


01113 


47 




274 




432 


01114 


i2 




351 




433 


01115 


10 




331 


J 


434 


01116 


37 




274 




435 


01117 


32 




331 




436 


01120 


37 




274 




437 


01121 


32 




351 




440 


01122 


10 




330 


J 


441 


01123 


37 




274 




442 


01124 


32 




330 




443 


01125 


37 




274 




444 


01126 


32 




351 




445 


01127 


10 




327 


V 


446 


01130 


37 




274 




447 


01131 


32 




327 




450 


01132 


37 




274 




451 


01133 


32 




351 




452 


01134 


10 




326 


J 


453 


01135 


37 




274 




454 


01136 


32 




326 




45$ 


01137 


37 




274 




456 


01140 


32 




351 




457 


01141 


10 




325 


J 


460 


01142 


37 




274 




461 


01143 


32 




325 




462 


01144 


37 




274 




463 


01145 


32 




351 




464 


01146 


10 




324 


4 


465 


01147 


37 




274 




466 


01150 


32 




324 




467 


01151 


37 




274 




470 


01152 


36 




323 


V 


471 


01153 


46 




322 


J 


472 












473 


01154 


01 




321 


J 


474 


01155 


01 




320 


J 


475 


01156 


01 




317 


J 


476 


01157 


01 




316 


J 


477 


01160 


01 




315 


4 



-■ 


r c:i;b-i) 


tNi. 


dITAB4 


stl 


RND.l 


ENL 


VURAUH 


ADO 


AnRTb3) 


STu 


RND 


tNL 


ADRTb3 


STl 


RND.l 


ENL 


VORAOR 


ADD 


BITAU3) 


STL 


RNU 


ENL 


BITA03 


STL 


RND.I 


ENL 


VDRAOR 


AOO 


A0RTH2) 


STL 


rno 


ENL 


AJRTb2 


STL 


RND.I 


ENL 


VDRAUR 


ADD 


BITAB2) 


STL 


RNO 


ENL 


BITAB2 


STL 


RND.I 


ENL 


VORAUK 


ADO 


AORTUl) 


S'L 


Rj«(0 


ENL 


ADRTbl 


STL 


RND.I 


ENL 


VDRAUH 


ADD 


BITAbl) 


S-L 


RNO 


ENL 


BITAtfl 


STL 


RND.I 


KJP 


REINIT 


HJP 


CLTAB 


DLE. 


4-NUHVDH»2 


OCR 


LADR4 


OCH 


LADR4-1 


OCR 


LADR3 


OCR 


LADR3-1 


OCR 


LADR2 



REINITIALIZE TABLE POINTERS 
STORE ZEROS IN TABLES 
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P-50 MARK II ANALOG INPUT STATISTICAL 'EST (0178-1) 



I 



;>oo 


01161 


01 


1 


314 


J 


501 


01162 


Ol 


1 


3l3 


J 


502 


01163 


01 


1 


312 


J 


503 


01164 


32 


1 


353 




504 


01165 


13 


1 


311 


J 


505 


01166 


10 





310 


J 


506 


U1167 


14 


1 


36iJ 




507 


01170 


10 





307 


J 


510 


01171 


12 





306 


J 


5ll 


01172 


10 





305 


J 


512 


01173 


47 


1 


307 




5^3 


U1174 


.J2 


1 


353 




514 


01175 


13 


1 


311 




515 


01176 


10 





310 




516 


01177 


14 


1 


362 




517 


01200 


10 





304 


J 


520 


OliJOl 


12 





306 




521 


01202 


10 





3C5 




522 


0li:03 


37 


1 


304 




523 


01^04 


32 


1 


353 




524 


01^05 


13 


^ 


311 




525 


U1206 


10 





310 




526 


U1207 


10 





30i 


J 


527 


01210 


12 





306 




530 


OliJll 


10 





305 




531 


01^12 


37 


1 


303 




532 


0i;il3 


32 


4 


35i 




533 


01214 


13 


4 


311 




534 


01215 


10 





310 




535 


01216 


14 


1 


Z^i^ 




536 


0i<^l7 


14 


1 


362 




537 


01<i2U 


10 





302 


J 


540 


OWdl 


12 





3U6 




541 


01^22 


10 





305 




542 


0l<'^3 


37 


1 


30^ 




543 


012-24 


-52 


* 


353 




544 


0iir25 


13 


1 


311 




5*5 


Ol£-^b 


10 


c 


31 'J 




546 


^Icil 


1-; 


x 


Siic 




547 


UlL'iO 


in 


3 


3bl 


J 



OCR 
DCR 

bCR 
cNl 
feOR 
ADD 

LbH 

ADD 

BAND 

bADC 

i'L 

fcNL 

EUR 

ADD 

LSh 

ADD 

BAND 

6ADD 

b'L 

ENl 

eOR 

ADD 

adi: 

8ANu 
6AUD 
o'L 
ENL 
EUR 
ADD 

LSh 

ADD 

BAND 

8ADD 

b'L 
fcNL 
t'J^ 
ADD 

U5H 



LADR2-1 

LADRl 

LADRl-1 

NUMTbT 

ALONcb 

NJMVUR) 

ACC 

iS'^CMli ) 

377) 

24000 ) 

IS'CMG 

NUM'iT 

A;.ONEi 
N'JHV UK ) 

ACC 
2'JDCHii; 

37:') 

2400U) 

2NDCHG 

NJMTaT 

ALONfcS 

NUrlVuR ) 

3RDCh(j) 

377) 

2 4 U ) 

3RDCMG 

NJMTbi 

AUONtS 

NOMVUrt ; 

ACC 

ACC 

4ThChG^ 

3 ; 7 > 

24GU0 ) 

4THChG 
N U H ' b T 
ALONt i 
NJMVUK ) 
ACC 



1ST CHANGE • IN CONTROL SECTION 



2ND CHANGE • IN OUTANI 



3RD CHANGE - IN OUTANI 



4Th Change - IN outani 



5Th Change 



IN OUTANI 
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P-50 MARK II ANALOG INPUT STATISTICAL 'EST (D17B-1) 



I 





S50 


U1231 


12 


D 


306 




BAND 


377) 




551 


01232 


ID 





30i> 




BAUD 


24000) 




552 


01233 


07 


1 


301 




STL 


5THCH(i 




553 


U1234 


32 


1 


353 




bNL 


N'JHTbT 




554 


Ql<;35 


13 


1 


311 




EUR 


ALONbS 




555 


01236 


ID 





310 




AUD 


NUHVUR) 




556 


01237 


37 





274 




STL 


R.4D 




557 


01240 


14 


1 


362 




LSH 


ACC 




560 


01241 


10 





274 




AUD 


RND 




561 


01242 


14 


1 


362 




L^H 


ACC 




562 


01243 


10 





274 




ADD 


RND 




563 


01244 


10 





300 


J 


ADD 


6THCHti) 




564 


01245 


12 





306 




6AND 


377) 




565 


01246 


10 





30;> 




BAUD 


2400U) 




566 


01247 


37 


1 


300 




STL 


6THCHQ 




567 


01250 


32 


1 


353 




ENL 


NJMTST 




570 


01251 


13 


1 


311 




EUR 


ALONhS 




571 


01252 


10 





310 




ADD 


NUHVUR) 




572 


01253 


37 





274 




bTL 


RND 




573 


01254 


14 


1 


362 




LSH 


ACC 




574 


01255 


10 





274 




AUD 


R.ND 




575 


U1256 


10 





277 


J 


ADD 


7THCHU) 




576 


01257 


12 





306 




BAND 


377) 




577 


01260 


10 





305 




BAUD 


24000) 




600 


01261 


37 


I 


277 




b'l 


7THCHG 




601 


01262 


24 


1 


000 




H'N 






602 


















603 


01263 




00000 


ANLNT 


• t ( 






604 


01264 


06 





274 




SDR 


RND 




605 


01265 


02 


1 


335 




C«B 


ANT 




606 


01266 


05 





274 




EUR 


RNO 




607 


0li{67 


23 


1 


26J 




CLJ 


ANLNT, I 




610 
















I 


611 


01270 


36 


1 


000 


RJPINS 


i HJP 


,1 


1 


612 


01271 


23 


1 


000 


cljoi 


CLJ 


.1 




613 


01272 




000O2 


INTLOC 


: OCT 


ANIN'^ 




614 


01273 




OOlOO 


LSTINT 


OCT 


100 




615 


01274 




00000 


RND 


OCT 






616 


01275 




OOlOO 


SPINIT 


OCT 


100 




• 17 


01276 




00011 


TYPINT 


OCT 


DOCINT 



6TH CHANGE • IN AOJSPN 



7TH CHANGE - IN AOJSPN 



ANALOG INTERRUPT ROUTINE 
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P-50 HARK II ANALOG INPUT STATISTICAL TEST (D178-1) 
620 







fcJE 


01277 


02133 


NKD 


01300 


02042 


t«KO 


01301 


007U5 


WKD 


01302 


00664 


UHU 


01303 


00637 


WKD 


01304 


00625 


WKD 


01305 


24000 


wHD 


01306 


00377 


WKD 


01307 


00606 


WKD 


01310 


00004 


WKD 


01311 


02lt>0 


WKD 


01312 


00714 


WKd 


01313 


00715 


WKD 


01314 


00712 


WKD 


01315 


0071J 


kkd 


01316 


00710 


WKO 


01317 


00711 


WKD 


01320 


00706 


WKD 


01321 


0U707 


WKO 


01322 


01720 


hKO 


01323 


01655 


wKD 


01324 


00505 


nKD 


01325 


00411 


WKD 


01326 


00524 


WKO 


01327 


00430 


WKD 


01330 


00543 


WKD 


01331 


00447 


kKD 


01332 


00562 


WKD 


1>1333 


00466 


WKD 


01334 


00752 


WKD 


01335 


00751 


WKD 


01336 


02162 


WKD 


01337 


02161 


WKD 


01540 


02160 


MKD 


01341 


0^157 


i.HD 


01342 


02155 


WKD 


01343 


02154 


WKD 


01344 


0215.J 


WKD 


01345 


02152 


WKL 



PACE 15 

P-50 HARK II ANALOG InPU" STATISTICAL 'EST (D178-1) 



01346 


01647 


hKD 


01347 


01462 


bHD 


OlSSO 


01467 


HHU 


U13S1 


00404 


hKD 


01352 


00000 


MKD 


01353 


00401 


NHO 


013»4 


02156 


NKO 


01355 


00010 


NND 


01356 


01464 


MHO 


01957 


0040b 


hHQ 


01960 


01263 


NKO 


01961 


024^3 


NKO 


01962 


00101 


NKD 


01963 


OQIOO 


tiKC 


01964 


00400 


MHD 


019*5 


00403 


UNO 


01966 


02421 


tiKO 


01967 


94000 


taHU 


01970 


00402 


MHD 



I 

00 
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P-50 HARK II ANALOG INPUT STATISTICAL "'EST (D178-1) 



I 

CD 



621 






01400 


622 










623 










624 










62l» 










626 


014U0 




00000 


627 


01401 


37 





064 


63iD 


01402 


42 


1 


317 


631 


01403 


11 





060 


632 


01404 


37 





066 


633 


01*05 


42 


1 


317 


634 


0x406 


37 





065 


635 


01407 


20 





02i; 


636 


01410 


42 





064 


637 


01411 


13 


1 


315 


640 


0l'il2 


27 





014 


641 


01413 


<!4 





014 


642 


01414 


20 





0i;5 


643 


Ol4i5 


Ol 





315 


644 


01416 


01 





314 


645 


01417 


01 





065 


646 


01420 


il 





007 


647 


01421 


32 





066 


650 


U1422 


^0 





04i; 


651 


01423 


42 





061 


652 


01424 


10 


1 


317 


653 


0l4i;5 


47 


1 


317 


654 


01426 


42 





061 


655 


01427 


10 


1 


314 


656 


01*30 


47 


1 


314 


657 


1^1431 


42 





064 


660 


0l«32 


37 


1 


315 


661 


01433 


42 





066 


662 


01434 


11 





065 


663 


01435 


47 





066 


664 


01436 


10 





315 


665 


U1437 


47 





olt> 


666 


U1'J40 


42 





066 


667 


01441 


10 





31i 


670 


01t42 


47 





3i4 



OKG 0HIGtN*512 

THIS SUBROUTINE UPDATES THE STATISTICS TABLES 
AFTER EACH CONVERSION. IT POINTS HAVE BEEN READ 
CYCLES TIMES, PROGRAH GOES TO PRINT ROUTINE. 



STOKE 



COHPAR 



iSTbTR 



SAVE 



t'XL 

bue 

S*L 
fcNL 
bTL 
ZJP 
ENL 
EUH 
PJP 
JMP 
^JP 
UCR 
DCH 
UCR 
PJP 
bNL 
ZJP 
fcNL 
AOU 

tNL 
ADD 

b'L 
fcNL 
STu 
fcNL 
bUB 
b'L 
ADD 
b'L 

fc'NL. 

AUD 



Ii-iPSAV 

LNOPUG.I 

020 

HtMCNT 

LNORUG.I 

RUGCNT 

ISTSIK 

INPSaV 

Lf*EDNG» I 

L*2 

L*2 

SAVE 

Lf^EDNG 

LTREU 

ROGCNT 

CUHPAt* 

HfcMCNT 

NUROUH 

ONE 

LHURUG.I 

LNOKUG. 1 

ONE 

LFREU, I 

LFREU. I 

INPSaV 

L»<EDNG,I 

HEMCNT 

HOGCNT 

KEMCNT 

L»^EDNG 

Li^EDNG 

KtHCNT 

LFREU 

LFREU 



SAVE VALUE READ 

NuHBER OF READINGS ALREADY STORED 



FIRST READING OF A POINT 

HAS VALUE ALREADY BEEN STORED 7 



YES 
NO 



NO ROOM FOR ADDITIONAL VALUES 
NEW VALUE TO BE STORED 



INCREMENT FREQUENCY 



STORE VALUE 



ADJUST READING TABLE START TO NEXT VIOaR 



ADJUST FREQUENCY TABLE STaRT TO NEXT VIOaR 
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P-50 MARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



I 

O 



671 


01443 


01 





317 


NOROOM 


DCR 


LNQRDG 


672 


01444 


01 





062 




UCR 


FINCNT 


673 


01445 


27 





046 




KJP 


L*2 


674 


01446 


^4 





047 




JMP 


L*2 


675 


01447 


24 


1 


000 




kTn 




676 


01450 


^6 


I 


366 


J 


KJ? 


AOJSKN 


677 


01451 


36 





25t> 




hJP 


REINIT 


700 


01452 


32 





067 




kNL 


TOTAUR 


701 


01453 


37 





062 




STL 


FINCNT 


702 


01454 


01 





064 




DCH 


PKTOUT 


70J 


01455 


■d7 





056 




PJP 


L*2 


704 


01456 


36 





070 




KJP 


PRINT 


705 


01457 


24 


1 


000 




KTN 




706 
















707 


01460 




00024 


D20 


likC 


20 


710 


01461 




ooool 


ONE 


OCT 


1 


711 


01462 




oooou 


riNCNT 


UC7 




712 


01463 




00000 


INPSAV 


OCT 




713 


01464 




00000 


PHTOUT 


OCT 




714 


01465 




00000 


RDGCNT 


OCT 




715 


01466 




oooou 


REHCNT 


OCT 




716 


01467 




00000 


TOTAOR 


OCT 





NO ROOH FOR ADDITIONAL VALUES 



RECORD SPAN CALIBRATE POINT READINGS 
INITIALIZE TABLE POINTERS 

TOTAL NUMBER OF POINTS TO BE TESTED 
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P-50 HARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



I 
to 



17 
20 
21 
22 

23 
24 

25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 

41 
42 

43 

44 
45 
46 
47 
50 
51 
52 
53 
54 
55 
56 
57 
60 
61 
62 
63 
64 
6b 

66 



01470 
01471 
01472 
01473 
01474 
01475 
01476 
01477 
01500 
01501 
01502 
01503 
01504 
01505 

Ol506 
01507 
01510 
01511 
01512 
01513 
01514 

01515 
01516 
01517 
Uii>20 
U1521 
01522 
01523 
01524 
01525 
01526 
01527 
01530 
01531 

01532 
0lb33 



22 
32 
37 
36 
32 
37 
02 
32 
37 
32 
10 
37 
32 
37 
32 
10 
37 

32 
67 

32 

37 
i2 
11 
S7 
i? 
11 
37 
32 
^6 

36 
^2 
06 
16 
27 



00000 
071 
365 
064 
364 
363 
254 
251 
362 
252 
361 
254 
253 
253 
245 
360 
254 
254 
253 
246 
317 

065 
06U 
3l7 
2!>0 
317 
363 
317 
3l5 
3S7 
356 
Zl6 
357 
251 
1J4 
3i4 



J 



VVIDRD 



fcJE 



PRINT ,.. 
:>LJ 

I ENL 

bTL 
KJP 
ENL 
STL 
CH8 
ENL 
&TL 

V ENL 
ADO 
S-L 
ENL 

b'L 

V ENl 
ADD 
STL 
ENL 
STL 

PNTHD ENL 
STl 
ENL 
SU3 
STL 
ENL 
SUB 
STL 

VALFND ENL 
J hJP 

J HJP 

ENL 
KJP 
Kbr: 
PJF 
KJP 



THIS SUBROUTINE PRINTS OUT THE ACCUHULATED DATA 
FROM THE TABLES, THEN REINITIALIZES PRQGRAH. 



L*l 

CYCLES 

PRTOOT 

CARRTN 

NUHTST 

VDRCNT 

FRST 

VORaUK 

SINGCT 

adrtb-d 

VDRCNT 

TEMP 

TEMP, I 

AOREb 

BIT*b-i) 

VDRCNT 

TEMP 

TEMP, I 

BIT 

LN0RU6, I 

R'JGCnT 

D2U 

LHORUG.I 

EMPTY 

LNCRUG 

NUMTST 

LNOHuG 

Lr^EONG,! 

OUTPUT 

SPACER 

LFf^EU. I 

OUTPUT 

FRST 

AURFND 
CARRTN 



SET LOCKOUT 
INITIALIZE CYCLE COUNT 

OUTPUT CARRIAGE RETURN 
NUMBER OF VIDARS BEING TESTED 

SET FIRST LINE INDICATOR 

NUMBER OF POINTS/VIDaR BEING TESTED 



GAIN. WORD. CHANNEL OF READINGS 

BIT OF READINGS 

NUMBER OF READINGS AT THIS POINT 

NUMBER OF UNUSED READING LOCATIONS 

STARTING LOCATION OF NO. OF READINGS POINTER 

VALUE 

FREUUENCY 
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P-50 MARK II ANALOG It^PUT STATISTICAL TEST (D17B-1) 



I 
to 



767 


01534 


tt, 





156 


JMP 


NEXT 


770 


01535 


36 


1 


356 


ADRFND HJP 


SPACER 


771 


01536 


03 





251 


S)MB 


FRST 


772 


01537 


32 


1 


245 


fcNL 


AURES. 


773 


01540 


36 


1 


357 


HJP 


OUTPUT 


774 


01541 


32 


1 


355 


4 ENL 


SPACE 


775 


01542 


36 


1 


354 


4 hJP 


CUT 


776 


01543 


36 


1 


356 


hJP 


SPACER 


777 


01544 


32 


1 


246 


ENL 


BIT.i 


1000 


01545 


36 


1 


357 


HJP 


OUTPUT 


1001 


01546 


32 


1 


355 


fcNL 


SPACE 


1002 


01547 


36 


1 


354 


hJP 


OUT 


1003 


01550 


36 


1 


364 


HJP 


CaRRIN 


1004 


01551 


32 





245 


fcNL 


AORES 


1005 


01552 


10 





35^ 


4 AUD 


1) 


1006 


01553 


37 





245 


STL 


AORES 


1007 


01554 


32 





246 


ENL 


BIT 


lOlO 


0i555 


10 





353 


ADD 


1) 


lOll 


01556 


37 





246 


S>Tl 


BIT 


1012 


01557 


01 





315 


NEXT UCR 


LREONG 


1013 


01560 


Ol 





313 


DCR 


LF-REU 


I0l4 


01561 


01 





0^ 


DCR 


ROGCNT 


I0l5 


01562 


20 





163 


ZJP 


CHTN 


I0l6 


01563 


24 





123 


j«P 


VALFNO 


1017 


01564 


36 


1 


364 


CRTN HJP 


CARRIN 


1020 


01565 


32 





315 


ENL 


LREDN6 


1021 


01566 


11 





250 


&UB 


ErtPTY 


1022 


01567 


11 





247 


SU3 


200CN 


1023 


01570 


37 





315 


STl 


L-^EDNG 


1024 


01571 


32 





313 


ENL 


lfreu 


1025 


01572 


11 





250 


SUB 


EIPTY 


1026 


01573 


11 





247 


SUB 


20DCh 


1027 


01574 


37 





313 


STL 


LfREU 


1030 


01575 


02 





251 


CnB 


FRST 


1031 


01576 


01 





062 


DCR 


FINCNT 


1032 


01577 


20 





227 


ZJP 


ojtfjn 


1033 


C1600 


01 





252 


UCR 


SINGCT 


1034 


01601 


27 





113 


PJP 


P-MTHU 


1035 


01602 


36 





255 


'n:.? 


KdlNIT 


1036 


01603 


01 





254 


DCk 


VURCNT 



CLEAR FIRST LINE INDICATOR 
GAIN. MORD. CHANNEL 



BIT 



ADJUST READING TABLE TO NEXT POINT OF VIDAR 

ADJUST FREQUENCY TABLE TO NEXT POINT OF VIDAR 

SET FIRST LINE INDICATOR 
OUTPUT FOR ALL VIOARS FINISHED 

PRINT DATA FOR NEXT POINT OF VIDAR 
INITIALIZE VALUE AND FREQUENCY POINTERS 
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P-50 MARK U ANALOG INPUT STATISTICAL TEST (D17B-1) 





1U37 


01604 


32 


1 


363 




ENL 


NUMTST 




1040 


01605 


11 





254 




SUB 


VDRCNT 




1041 


01606 


37 





253 




bTL 


TEMP 




1042 


01607 


32 





317 




ENL 


LNOHUG 




1043 


01610 


11 





253 




SUB 


TEMP 




1044 


01611 


37 





317 




STL 


LNOROG 




1045 


01612 


i2 





253 




ENL 


TEMP 




1046 


01613 


14 


1 


352 


J 


LSH 


ACC 




1047 


01614 


14 


1 


352 




LbH 


ACC 




1050 


01615 


10 





253 




ADD 


TEMP 




1051 


01616 


14 


1 


352 




LSH 


ACC 




1052 


01617 


14 


1 


352 




LSH 


ACQ 




1053 


01620 


37 





253 




STL 


TEMP 




1054 


01621 


32 





315 




fcNL 


LREDNG 


1— ' 


1055 


01622 


11 





253 




SUB 


TEMP 


1— ' 
1 


1056 


0l6i»3 


37 





315 




STL 


LHEDNG 


tSD 


1057 


01624 


32 





313 




ENL 


LFREU 


03 


1060 


01625 


11 





253 




SUy 


TEMP 




1061 


01626 


37 





313 




STL 


lfreu 




1062 


01627 


24 





077 




JMP 


VID«D 




1063 


01630 


36 





255 


OUTFIN 


KJP 


WEINIT 




1064 


01631 


36 





320 




hJP 


CLTab 




1065 


01632 


32 





067 




ENL 


TOTAUrt 




1066 


C1633 


37 





062 




STL 


FINCNT 




1067 


01634 


24 


I 


070 




hTN 






1070 


















1071 


01635 




00411 


ADRTB 


OCT 


AORTbl 




1072 


01636 




00430 




OCT 


ADRTtt2 




1073 


C1637 




00447 




OCT 


adrtbj 




1074 


01640 




00466 




OCT 


A0RTb4 




1075 


01641 




00505 


bitab 


OCT 


BITAbl 




1076 


01642 




00524 




OCT 


bITAb2 




1077 


01643 




00543 




OCT 


dITAb3 




1100 


01644 




00562 




OCT 


blTAb4 




1101 


01645 




00000 


ADRES 


OCT 






1102 


01646 




00000 


BIT 


UCT 






1103 


01647 




00074 


20DC« 


OEC 


NUMVuR-i»20 




1104 


01650 




00003 


EMPTY 


OCT 






1105 


01651 




DOOOU 


TRST 


OCT 






1106 


01652 




ooooc 


SINGCT 


UCT 





INITIALIZE NUMBER OF READINGS POINTER 



•20 



SET READING POINTER FOR NEXT VlDAR 



SET FREQUENCY POINTER FOR NEXT VIDAR 
PRINT DATA FOR NEXT ViDAR 
OUTPUT FOR ALL VIDARS FINISHED 
CLEAR FREQUENCY TABLE TO ZERO 



I 



PAGE 21 

P-50 HARK II ANALOG INPU' 



STATISTICAL TES"^ (D17B-1) 



1107 
1110 



U1653 
01654 



00000 
00000 



TEMP uCT 
VDf<LNT l/CT 
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P-50 HA«K 11 ANALOG INPUT STATISTICAL ''ES^ ID17B-1) 



I 
to 





1111 












kJfc 






1112 














THI 




1113 














PRO 




1114 


















1115 


01655 




00000 


REIMT 


« ■ • 






1116 


01636 


36 


1 


351 


V 


KJP 


TlMEK 




1117 












DLE 


4-NUnVDH*4 




1120 


01657 


32 





306 




ENL 


AURFX4 




1121 


01660 


37 




350 




STL 


LADR4 




1122 


01661 


32 




347 




£NL 


BlTrX4 




1123 


01662 


37 




346 




S»TL 


LADR4-1 




1124 


01663 


32 




307 




ENL 


ADRFX3 




1125 


01654 


37 




34!j 




STL 


LADR3 




1126 


01663 


32 




344 




ENL 


falTFXi 




1127 


01666 


37 




343 




STL 


LADR3-1 




1130 


U1667 


i2 




3l0 




ENL 


AJRFX2 




1131 


01670 


37 




34;? 




STt 


L*DR^ 




1132 


01671 


32 




341 




ENL 


bITFX2 




1133 


01f72 


37 




340 




STl 


L*Df<;^-l 




1134 


U1^73 


32 




311 




ENL 


ADKFXl 




1135 


01^74 


37 




337 




STL 


LADKl 




1136 


01ft75 


32 




336 




ENL 


blTFXl 




1137 


01t)76 


37 




33b 




b^L 


L*J«1-1 




114D 


01e77 


32 





31^ 




Ei.- 


F'^ur IX 




1141 


01700 


37 





3li 




S^u 


LFRfcU 




1142 


U1701 


32 





314 




ENL 


NO^nx 




1143 


01702 


37 





317 




STL 


LNORUG 




1144 


01703 


32 





316 




ENL 


RDGFIX 




1145 


01704 


37 





315 




STL 


L«EDNG 




1146 


01705 


24 


1 


255 




KTN 






1147 


















IISO 












DLE 


4-NUnVDR 


I 


1151 


01706 


34 


1 


067 


ADRFX4 


OUT 


A0RTU4*1,I 


I 


11S2 


01707 


34 


1 


050 


ADRFX3 


OUT 


AURTB3*1.I 


1 


1153 


01710 


34 


1 


031 


ADRrX2 


OUT 


AtiRrb24l. I 


1 


1154 


01711 


34 


1 


01^ 


ADRFXi 


OUT 


ADRTdi*! , I 




1155 


01712 




07107 


rRQFlX 


OCT 


FRQNCY 




1156 


01713 




07107 


LfREU 


OCT 


FRQNCY 




1157 


01714 




0260!) 


NORFIX 


OCT 


NORUii 




1160 


01715 




02605 


LREUNG 


OCT 


NOMDU 



SUBROUTINE GOES TO TIMER, THEN REINITIALIZES 
(AM TO START READING FIRST POINT ON EACH VIDAR. 



TIME DELAY 

INITIALIZE OUTPUT COMMANDS 



INITIALIZE LOCATION OF FHeSUENCY TABLE 
INITIALIZE LHCATION OF NUMBER OF READINGS 
INITIALIZE LOCATION OF VALUE TABLE 
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P-50 HARK II ANALOG INPUT STATISTICAL TEST <D17B-1) 

1161 01716 04746 ROGFIX OCT HEOIMG 

1162 U1717 04746 LNOhOG UCT REOiNG 



I 

Ch 
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P-50 hAHK II ANALOG INPUT STATISTICAL TEST (Di7B-l) 



I 
to 



1163 












EJE 




1164 
















1165 
















1166 
















1167 


01720 




00000 


CLTAB 


^ , 




1170 


01721 


32 


1 


334 


VCLR 


ENL 


/EHu 


1171 


01722 


il 


1 


3l4 




S>TL 


LFHfcU.I 


1172 


01723 


32 





313 




ENL 


LTHfcU 


1173 


01724 


14 


1 


3^4 


J 


fcUH 


doNTo 


1174 


01725 


20 





3<r7 




ZJP 


L*3 


1175 


01726 


01 





314 




DCH 


LF»<tU 


1.176 


01727 


24 





320 




jnv 


CLH 


1177 


01730 


32 





312 




ENL 


r^QFix 


1200 


01731 


37 





313 




STL 


LFRfcU 


1201 


01732 


24 


1 


320 




HTn 





THIS SUBROUTINE CLEARS ALL ENTRIES IN FRBOUENCY 
TABLE. VALUE TABLE, NO, READINGS TABLE TO ZERO. 
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P-50 MARK II ANALOG INPUT STATISTICAL ""EST (D17B-1) 
UQ2 



I 
^^ 

00 







tJE 


01733 


oi;47i 


»iKD 


01734 


0^467 


MHO 


01735 


00714 


hHD 


01736 


00762 


hHD 


01737 


0071!> 


MKD 


01740 


00712 


NKQ 


01741 


00761 


ttHi) 


01742 


00713 


kKD 


01743 


0071U 


kkD 


01744 


0076U 


hKD 


01745 


00711 


KKD 


01746 


00706 


w«D 


01747 


00757 


^K0 


01750 


00707 


mkd 


01751 


02400 


taKO 


01752 


OOlOl 


kiKD 


01753 


00001 


t.HO 


01754 


02420 


WHD 


U1755 


02511 


MHO 


01756 


02451 


mKO 


01757 


0242d 


tiHD 


01760 


01640 


MHO 


01761 


01634 


».KD 


01762 


00404 


MKD 


01763 


00401 


mHD 


01764 


02461 


MKD 


01765 


0040t> 


mHD 


01766 


02000 


mHO 
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P-50 MARK II ANALOG INPUT STATISTICAL TEST {D178-1) 



I 

CD 



1<!03 






02000 


li!04 










1205 










1206 










1207 










1210 










1211 


02000 




00000 


1212 


02001 


32 


1 


177 


1213 


02002 


20 





003 


1214 


02003 


24 


1 


000 


1215 


02004 


03 





151 


1216 










1217 


02005 


32 


1 


176 


1220 


02006 


27 





007 


1221 


02007 


11 





175 


1222 


02010 


13 





150 


1223 


02011 


10 





152 


1224 


02012 


37 





152 


1225 


02013 


32 


1 


174 


1226 


020-14 


27 





015 


1227 


02015 


11 





175 


1230 


02016 


13 





150 


1231 


02017 


10 





153 


1232 


02020 


37 





153 


1233 


02021 


32 


1 


173 


1234 


02U22 


27 





023 


1235 


02023 


11 





175 


1236 


02024 


13 





150 


1237 


02025 


10 





154 


1240 


02026 


37 





154 


1241 


02027 


32 


1 


172 


1242 


U2030 


27 





031 


1243 


02031 


11 





175 


1244 


02032 


13 





150 


1245 


02033 


10 





155 


1246 


02034 


37 





155 


1247 


0203t> 


01 





156 


li!50 


02U36 


20 





037 


1251 


02037 


24 


1 


000 


1252 


U2040 


i2 





171 



CjHG 0HIG1N«768 

THIS SUBROUTINE AVERAGES a READINGS PRON THE SPAN 
POINT AND ADJUSTS THE SPAN SETTING ACCORDING 
TO THIS AVERAGE. IT PRINTS SPAN SETTINGS IF 
DESIRED. 



ADJSPN 



• > 1 

ENL 


SPNSfcT 


ZJP 


L*2 


hTn 




bMt5 


SIND 


OLE 


4-NUt1VDR«6 


ENL 


SAVE4 


PJP 


L*2 


SUB 


1) 


tOR 


ALONES 


ADD 


SPAN4 


STL 


SPAN- 


ENL 


SAVb.^ 


PJP 


L»2 


SUB 


1) 


EUR 


ALONbS 


ADO 


SPAN3 


STL 


SPAN3 


ENL 


SAVE2 


PJP 


L*2 


SUB 


1) 


EOR 


alones 


ADD 


SPAN2 


STL 


SPAN;^ 


ENL 


SAVEi 


PJP 


L*2 


SUB 


1) 


EUR 


ALONES 


ADD 


SPANl 


STL 


SPANl 


DCR 


SPNCNT 


^JP 


L*2 


HTN 




ENL 


6) 



SET SPAN ADJUST INDICATOR 

ADD READINGS TO SPAN CHECK WORD 



ADJUST SPAN EVERY 8 READINGS 



PAGE 



27 



P-90 



I 

CO 

o 



HARK : 


II ANALO 


G INPUT STATISTICAL 'EST (0178-1) 


U5i 


02U41 


i7 





15t> 


S'L 


SPNCNT 


1^54 


0^:042 


24 





04i^ 


6THCHG JMP 


L*l 


1255 










OLE 


4-NUMVDR«7 


1256 


02043 


16 





1S2 


HbH 


SPAN4 


1257 


02044 


16 





152 


KSH 


SPAN4 


1260 


U2b45 


16 





i5i; 


ksh 


SPAN4 


1261 


02046 


16 





152 


KSH 


SPAN4 


1262 


02047 


16 





152 


KSH 


SPAN4 


1263 


U205Q 


20 





051 


/JP 


L*2 


1264 


02051 


02 





05w< 


CHB 


L*2 


1265 


02U52 


16 





154 


H!>H 


S^AN^ 


1266 


02053 


16 





15J 


hS»H 


SPAN^ 


1267 


U2054 


16 





15J 


HbM 


SPaN^ 


1270 


02U55 


16 





15J 


HSh 


SPAN4 


1271 


02056 


16 





154 


KbH 


SPan^ 


1272 


02U57 


20 





060 


UP 


L*2 


1273 


02060 


02 





151 


CH8 


SINO 


1274 


02061 


16 





154 


KSH 


SPAN2 


1275 


02062 


16 





15* 


HbH 


SPAN2 


1276 


02063 


16 





154 


KbH 


SPAN2 


1277 


02064 


16 





154 


HbH 


SPAN4! 


1300 


02065 


16 





154 


HbH 


SPAN2 


1301 


02066 


20 





067 


UP 


L*2 


1302 


02t67 


02 





151 


cna 


SIHO 


1O03 


02070 


16 





155 


HbH 


SPANl 


1304 


02071 


16 





155 


HbH 


SPANl 


li05 


02072 


16 





155 


HSH 


SPANl 


1306 


02073 


16 





155 


HSH 


SPANl 


1307 


02074 


16 





155 


KbH 


SPANl 


1310 


02075 


20 





076 


IJP 


L*2 


1311 


02076 


02 





151 


c«a 


SIND 


1312 


02077 


16 





151 


HbH 


SINO 


1313 


02100 


27 





101 


PJP 


L*2 


1314 


02101 


24 





121 


JKP 


bOUT 


Hl5 










u-E 


4-NUHV0R»4 


1316 


02102 


32 





152 


ENL 


SPAN4 


1317 


02103 


10 





157 


ADO 


bPMRU4 


1320 


02104 


12 





170 


J SANO 


177) 


1321 


02105 


37 





157 


STL 


SPWRU4 


1322 


02106 


32 





154 


bNL 


SPANi 



REPLACEABLE DURING INITIALIZATION 

Check roR span adjust on each vioar 



CHECK SPAN ADJUST INDICATOR 

NO SPAN AOJUSTNENT NEEDED 
HOOIFY SPAN HOROb 
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1423 


021U7 


10 





160 




AUO 


SPMRU3 




1424 


02110 


12 





170 




8AND 


177) 




1425 


02111 


47 





IbO 




S>^L 


SPWRU3 




1426 


02112 


42 





154 




ENL 


SPAN2 




1427 


02113 


10 





161 




AUD 


SPMRU2 




1330 


02114 


12 





170 




Sand 


177) 




1331 


02115 


37 





161 




S'l 


Sr'WRU2 




1432 


02116 


42 





155 




fcNL 


SPAM 




1433 


02117 


10 





162 




ADO 


SPWRUl 




1334 


02120 


12 


c 


170 




BAND 


177) 




1335 


02121 


37 





162 




b"L 


SPHRUI 




1336 


02122 


42 





167 


7S0UT 


ENL 


0) 




1337 












liLE 


4-NUMVDR 




1340 


02123 


47 





152 




ST. 


SPAN4 




1441 


0212'> 


47 





154 




b^L 


SPAN4 


(-■ 


1442 


02125 


47 





154 




s>Tl 


SPAN2 


1 


1443 


02126 


47 





155 




S". 


SPANl 


CO 


1444 


02127 


42 


1 


166 


J 


fcNL 


SPNPKT 




1445 


02130 


20 





131 




ZJ = 


L»2 




1446 


02131 


24 


1 


OOu 




K'\ 






1347 


02132 


46 


1 


165 


J 


HJP 


CARRTN 




1350 


02133 


ii4 





144 


7TNCHG 


; jf.'= 


L*l 




1451 












OLE 


4-NUlVDR»3 




1452 


02134 


32 


c 


157 




EN'L 


SPWRu4 




1453 


02135 


36 




164 


■J 


HJ° 


OUi-PUT 




1454 


02136 


46 


1 


163 


J 


HJP 


SPACER 




1455 


02137 


42 





160 




ENL 


SPWRU3 




1356 


02140 


46 


1 


16* 




SJ3 


OJ'PUT 




1457 


02141 


46 


1 


16^ 




KJP 


SPACER 




1460 


02142 


42 





161 




ENL 


SFWRU2 




1461 


02143 


46 


4 


164 




hJP 


OUTPUT 




1362 


021^4 


o6 


4 


164 




HJP 


SPACER 




1363 


02l<5 


42 





16c 




ENL 


SP>*Rui 




1364 


02146 


46 


4 
A. 


164 




hJP 


OUTPUT 




1365 


02147 


24 


•* 


COO 




H^'N 






1466 


















1467 


02150 




3: 


^77/ 


ALONES 


UC 


37777 




1470 


02151 




ooooc; 


SINU 


uc 






1371 












D'-t 


4-NU«VDR 




147^ 


021P2 




01 


)oo(; 


SPAN4 


UC 





00 NOT PRINT SPAN SETTINGS 

REPLACEABLE DURING INITIALIZATION 
PRINT SPAN SETTINGS 
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CO 

b9 



1373 


021^3 


00000 


SPAN3 


UCT 


147^ 


021t>4 


oooou 


SPAN2 


UCT 


1«»75 


U2155 


oooou 


SPAM 


UCT 


li76 


0<il56 


OOOOU 


SPNCNT 


OCT 


li77 








ULE 


1400 


02157 


00000 


SPKftD4 


OC 


1401 


U^160 


OOOOG 


SPMKuj 


OC 


I40i; 


02161 


ooaou 


SPhHU2 


OCT 


1403 


02162 


ouooo 


SPWKDl 


oc- 



4-NUHVOR 
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CO 
CO 







bJE 


02163 


02451 


MKD 


02164 


02425 


*»KD 


02165 


02461 


KKO 


02166 


00410 


MKD 


02167 


00000 


NHO 


02170 


00177 


HHU 


02171 


00010 


MKD 


02172 


00756 


MKD 


02173 


00755 


NKD 


02174 


00754 


MKD 


02175 


00001 


MKD 


02176 


00753 


hKD 


02177 


00407 


MKD 
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h 

CO 



1405 






02400 




UH3 


0RIGi<4 


1406 
















1407 
















1410 
















1411 
















1412 


U2400 




00000 


TIHER 


• 1 I 




1413 


02401 


32 


1 


115 


J 


fcNL 


CYCTIM 


1414 


02402 


20 





013 




UP 


NOTD 


1415 


02403 


37 





017 




S>TL 


T2 


1*16 


02404 


32 





114 


J 


fcNL 


4000) 


1417 


02405 


37 





016 




STL 


Tl 


1420 


02406 


32 





016 


TNTH 


fcNL 


Tl 


1421 


02407 


37 





015 




STL 


OCNT 


1422 


02410 


01 





015 




DCft 


DCNT 


1423 


02411 


27 





007 




FJP 


i.-l 


1424 


02412 


Ol 





017 




DCR 


T2 


l«25 


02413 


27 





005 




PJP 


TNTH 


1426 


02414 


24 


1 


000 


NOTO 


HTN 




1427 
















1430 


02415 




00000 


OCNT 


OCT 




1431 


02416 




07640 


Tl 


DEC 


4000 


1432 


02417 




00000 


T2 


OCT 





THIS SUBROUTINE IS ENTEMEO BETMEEN SUCCESSIVE 
READINGS or THE LIST OF POINTS. IT DELAYS 
CyCTin*l/10 SECONO.THEN RETUNNS, 



1/10 SECOND DELAY 
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1433 
1434 
1435 
1436 
1437 
1440 
1441 
1442 
1443 
1444 
1445 
1446 
1447 
1450 
1451 
1452 
1453 
1454 
1455 
1456 
1457 
1460 
1461 
1462 
1463 
1464 
1465 
1466 
1467 
1470 
1471 
1472 
1473 
1474 
1475 
1476 

1477 
1500 
l^'Oi 
1502 



02*120 OUOOO 

02421 34 UUu 

02*»22 23 -Jd^ 

U2''23 Ul 1 li-> 



02^25 
024iJb 
U2427 
02430 
02431 
02432 
02*33 
02434 
02435 
02436 
0i!«37 
02440 
U2441 
02442 
02443 
02444 
02445 
02446 
02447 
U2490 



02451 
02452 



37 
32 
37 
14 
14 
02 
12 
10 
37 
J2 
36 
14 
14 
14 
32 
12 
Ul 
27 
24 



OODUU 
077 
Q/1 
074 
077 

0'/ 
07/ 
07U 
075 
076 
07& 
0<^0 
077 
077 
07 7 

o:'7 

07i! 
074 
034 
025 



OUT 



eJE 



OUT IJUCOUT 
CLJ L*l 
UC"^ PC 



INTKTn w'N 



OUTPUT 



OTLOP 



»:L 
tNL 
bTL 
LS>H 
LbH 
ENL 
AND 

ADD 
bTL 
fcNL 
HJP 
LbH 
LbH 
LbH 
fcNL 
AND 
DCR 
PJP 
hTN 



THIS SUBKOUTINE OUTPU-^S 1 CHahaCTEH Tq ThE 
DOCUMENT DEVICE 



CLEAR LOCKOUT 
><A1T FOR INTERRUH' 



THIb SUBROUTINE OUTPUTS THt o LC'Al DUITS 
Of THE ACCUMULATOR TO THE D'j: jr-r ->■" DEVICE BY 
USING OUT. . . 



UUTSAV 

U5 

CnT 

OUTSAV 

OUTSAV 

OUTSAV 

2dITs 

LCOOE 

LOOKUP 

LOOKUP, I 

OUT 

OUTSAV 

OUTSAV 

OUTSAV 

UUTSaV 

3tJlTS 

CNT 

OfLOP 



riND CHARACTER OUTPU"' Cul>t 



OUTPUT CHARACTER 



THIS SUBROUTINE OUTPUTS 3 SPALtS TO TM6 
DOCUMENT DEVICE BY USING Ou' - , , 



OOOUU 

32 c o:'ci 



SPACER , . . 

ENL U3 
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09 



1^03 
1504 
1505 
1506 
1507 
1510 
1511 
1512 
1513 
1514 

I5l5 
I5l6 
1*17 
1520 
1521 
1522 
1523 
1524 
1525 
1526 
1527 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1542 
1543 
1544 
1545 
1546 
1547 
1550 
1551 
155^ 
1553 
1554 
1555 



02453 
02454 
02455 
02456 
02457 
02460 



02461 
02462 
02463 

02464 
02465 
02466 

02467 
02470 
02471 

02472 
02473 
U2474 
02475 
02476 
02477 



02500 
02501 
02502 
U2503 
02504 
02505 
U250O 
b£:>07 
02i>i0 
02511 



37 
32 
36 
01 
tl 
24 



074 

m 

0<!0 
074 
053 
051 



00000 
32 IIU 
36 02U 

32 11^ 
36 020 
24 1 061 

00000 
00003 
00005 
02470 
00007 
02516 
00000 
0250U 
00000 
00000 



03000 
13040 
13100 
03140 
1320U 
03240 
03300 
13340 
10640 
12350 



b'^L CNT 
tNL SPACfe 
hJP OUT 
DCP CNT 
PJP L-3 
WTN 



CARHTN 



ZERO 

03 

D5 

28ITS 

38ITS 

B6NTB 

CNT 

LCOOE 

LOOKUP 

OUTSAV 

CAD 

CODE 



CARKGE 
SPACE 



OCT 
DEC 
DEC 
&rN 
OCT 
OCT 
OCT 
OCT 
OCT 
OCT 
OLE 
VFD 
OLE 
CAD 
CAD 
CAD 
CAU 
CAD 
CAD 
CAD 
CAD 

OAD 



PICK UP CHARACTER OUTPUT CODE 
OUTPUT CHARACTER 



THIS SUBROUTINE OUTPUTS A CARRIAGE RETURN 
AND LINE FEED TO THE DOCUMENT DEVICE. 



ENL CARRGE 
HJP OUT 
OLE 1-ASN*2 
ENL LF 
KJP OUT 
KTN 




3 

5 

03 

7 

TABEND 

CODE 



3*ASK 

1»2>^ 
1-ASk 
0(0*6 
0.2.6 
0.2.6 
0.0<6 
0.2.6 
0.0.6 
0>0>6 
0.2.6 
0.2.1 
0.2.4 



3.5 

•11 

.0.0 

.1.0 

.2.0 

.3.0 

.4.0 

.5.0 

.6.0 

.7.0 

.5.0 

.0.0 



CARRIAGE RETURN 



LINE FEED 



SELECTRIC CODE TABLE 
ASR CODE TABLE 



PAGE 34 

P-50 HARK II ANALOG INPUT STATISTICAL TEST (D17B-1) 



CO 

-a 



1556 


b'dblZ 


0050U 


LF 


CAD 0.0.1>2tO 


1557 








bbN 




b'^blZ 


00000 




teKO 




02514 


07640 




••HO 




02515 


00406 




liKD 
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1560 TAHfcND KHT NUMVUR»14 

1561 02516 00000 OCT 

1562 0«;603 NORDG bYN L-1 

1563 04746 REDING bYN 14«20»NUMVDH»N0RDG*1 

1564 07107 fRQNCY SYn 14»2U»NUH VQH^RED 1 NG*l 

1565 00000 END 



I 

CO 

00 



ANALOG INPUT SCANNER TEST (D18B) 

I. Purpose of Test 

To read a variable number of analog points on up to four vidars and to print each 
input point which results in an out-of-llmits reading. 

II, Description of Test 

The program reads an analog point on each vidar, then checks to see if the values 
are within the allowed tolerance. If a value is out-of-limlts, a message In the 
following format will be printed on the ASR set, and the program continues. 

READING IS aaaaa AT POINT bbcc ddddd 

where aaaaa = actual reading 

bbcc ddddd = analog point 
bb is the word 
cc is the channel 
ddddd is the bit (one bit set). 

Bits 0-13 of each word specified at initialization are checked. After all points 
have been read CYCLES (specified at initialization) times, the following message 
is printed on the ASR set, and the program restarts. 

ANALOG SCANNER TEST COMPLETE 

III. Description of Operation 

A. Read in the binary tape of the Analog Scanner Test using the bootstrapped 
binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Reglster with the starting location of the 
binary loader (76028, 176028, 276028, or 376028): depress the Start 
button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn on reader. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 
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3. Using the probe, load the X-Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 
Location Preset Description 



60008 



AN LINT 



Analog conversion complete interrupt 

location 
No. vidars to be tested 
ASR output channel 

ASH output complete interrupt location 
Last ou^ut channel to be used 
Span select and gain 
Span reset 

Desired bit value of points read 
Allowable deviation from value 
Maximum no. words to be read on any 

vidar 
No. cycles before end message 

No. words to be read on vidar 1 
Words to be read on vidar 1 

Word no. in bits 11-6 
No. words to be read on vidar 2 
Words to be read on vidar 2 
No. words to be read on vidar 3 
Words to be read on vidar 3 
No. words to be read on vidar 4 
Words to be read on vidar 4 



1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (60128); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button; depress 
the Start button. 

D. The test runs continuously, scanning each point and printing out-of-limits 
errors. 

VI. Storage 

The program uses 14038 locations. (60008-74028) 
V. Run Time 

Recommended run time: 1/2 hour. 



60018 




NUMTST 


4 


60028 




ASRCHN 





60038 




ASRINT 


"8 


60048 




MAXCHN 


778 


60058 




SPNSEL 


201008 


60068 




SPNRST 


2008 


60078 




VALUE 





60108 




DEV 


5 


60118 




NQJPTS 


3210 


60128 




CYCLES 


1008 


71778 




CTRl 





72008-72378 


VIDARl 





72408 




CTR2 





72418-73008 


VIDAR2 





73018 




CTR3 





73028- 


73418 


VIDAR3 





73428 




CTR4 





73438- 


74028 


VIDAR4 





Start the test, 
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P-50 HARK II ANALOG INPUT SCANNER TEST (0186) 

1 PROGHAN title: P-50 NARK 11 ANALOG 1 -PUT SCANNER TEST (D18B) 

2 

3 DATE! MARCH 1«1966 

4 

5 SOURCE COHPUTERI P-$00. SYSTEMS LAB. MESAP 50/500 

6 OBJECT COMPUTERI P-50 MARK H SERIES 
7 

10 PROGHAHHERi C.VETTER 

11 

12 ABSTKACTi SEE DESCRIPTION OF SAME CODE NUMBER AVAILABLE 

13 FROM C.S.D. CHIEF DRaFTSHAN. 
14 

15 CODING! NOT STNDRDI - REVISION OF Dj.8a PROgRANHED ORIGINALLY 

16 PRIOR TO STNDRDi, 



to 
I 

CO 
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17 
20 
21 
22 
23 
2* 
25 
26 
27 
30 
31 
32 
33 



0000<! 
00004 
00000 
00011 

06000 
00016 
00036 
00056 
00076 



EJE ASSEHBLT PARAHETERS 



ANINT kUU 2 
NUHVOR EQU 4 
DOCOUr EQU 
D0CINT8EQU 11 

0RIGIN8EQU 6000 
VDRCH18E0U 16 
VDRCH28EQU 36 
V0RCH38EQU 56 
V0RCH48EQU 76 



THE fOUL 
ANALOC 
HAXlnU 
OOCUHE 
OOCUME 

THE FOLL 
PROGRA 
SPAN A 
SPAN A 
SPAN A 
SPAN A 



OMING 
CONV 
H NO. 
NT DE 
NT D6 
OWING 
M ORI 
ND GA 
NO 6a 
NO GA 
NO GA 



may be changeu at hun tine 
ersion complete interrupt location 

vioars to be tested 
vice output channel 
vice output complete interrupt location 

may not be changed except by reassembly 

GIN 



IN AND 

IN AND 

IN AND 

IN AND 



INPUT 
INPUT 
INPUT 
INPUT 



CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 



roR 
roR 

FOR 
FOR 



VIOAR 
VIDAR 
VIOAR 
VIOAR 



Ins 

I 
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34 feJE 

35 UNL 

36 06000 OHG 0«IGIN 

"^^ The FOLLOnING AHE INPUTi) AT HUN TIME 

40 06000 00002 ANLINT OCT ANINl ANALOG INPUT CONVERSION COMPLETE INTERRUPT LOCaTIUN 

*1 ^t>001 00004 NUMTST OCT NUMVD« NUMbEH OF VIDARS TO BE TESTED 

42 06002 00000 ASRCHN OCT DOCOUT ASK OUTPUT CHANNEL 

43 06003 00011 ASRINT OCT DOCINT ASR OUTPUT COMPLETE INTERRUPT LOCATION 

44 06004 00077 MaXCHN OCT 77 LAST OUTPUT CHANNEL TO dE USED 

45 06005 20100 SPNSEL OCT 20100 SPAN SELECT AND GAIN 

46 U6006 00200 SPNRST OCT 200 SPAN RESET 

47 06007 00000 VALUE OCT DESIRED BIT VALUE OF POINTS READ 

50 06010 00005 DEV OCT 5 ALLOWABLE DEVIATION FROM VALUE 

51 06011 00040 NQPTS DEC 32 MAXIMUM NO. WORDS TO BE READ ON ANY VIDAR 

52 06012 00100 CYCLES OCT 100 NO, CYCLES BEFORE PRINTOUT OF END MESSAGE 



to 
I 
en 
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SET 


INTERRUPTS 




55 


06013 


22 





013 




SLJ 


L*l 


SET LOCKOUT 




56 


06014 


32 





377 


J 


8ENL 


100) 


STOKE lUNORE INTERRUPTS 


IN ALL LOCATIONS 


57 


06015 


37 





iU 




bTL 


LSTINT 






60 


06016 


32 





224 




ENL 


CLJOl 






61 


06017 


37 


1 


312 




STL 


LSTINT, I 






62 


06020 


01 





312 




OCR 


LSTINT 






63 


06021 


27 





016 




PJP 


L-2 






64 


06022 


23 





022 




CLJ 


L*l 


CLEAR LOCKOUT 




65 


06023 


32 





000 


SETINT 


ENL 


ANLINT 


STOKE ANALOG INTERRUPT 




66 


06024 


10 





376 


J 


ADD 


65) 






67 


06025 


37 





322 




i>TL 


TEMP 






70 


06026 


13 





320 




cUR 


RJPX 






71 


06027 


37 


1 


000 




blL 


ANLINT, I 






72 


06030 


32 





375 


J 


tWL 


INTRTN) 






73 


06031 


37 


1 


z^^ 




bU 


TEHP,I 






74 


06032 


32 





003 




eNL 


ASRINT 


STOKE ASR INTERRUPT 




75 


06033 


10 





376 




ADO 


65) 






76 


06034 


37 





322 




i>TL 


TEHP 






77 


06035 


13 





320 




EUR 


RJPX 






100 


06036 


37 


1 


003 




STL 


ASRINT.I 






101 


06037 


32 





374 


J 


ENL 


ASRIN) 






102 


06040 


37 


1 


322 




STL 


TEHP, I 






103 














SET 


ASR CHANNEL 




104 


06041 


32 





002 


SETCHN 


ENL 


ASRCHN 






109 


06042 


13 





317 




EOR 


OUTX 






106 


06043 


37 


1 


373 


J 


STL 


OASR 







PAGE 5 

P-50 MARK II ANALOG InPUT SCANNER TEST (D18B) 





107 








- 




EJE 








110 














SET 


JUMPS 




111 


06044 


i2 





001 


SETJMP fcNL 


NUMTST 


IN PRETEST 




112 


06045 


13 





372 


J 


8E0R 


37777) 






113 


06046 


10 





371 


•t 


ADD 


NUMVOR) 






114 


06047 


10 





370 


J 


ADD 


GSPN) 






115 


06050 


12 





367 


J 


BAND 


377) 






116 


U6051 


10 





366 


J 


BADD 


24000) 






117 


06052 


47 





072 




STL 


GSPN 






120 


06053 


32 





001 




ENL 


NUMTiT 


IN OUTINT 




121 


06034 


13 





372 




8E0R 


37777) 






122 


06055 


10 





371 




ADD 


NUHVOR) 






123 


06056 


14 


1 


376 




LSH 


ACC 






124 


06057 


14 


1 


376 




LSH 


ACC 






125 


06060 


10 





365 


J 


ADD 


OUTINT) 






126 


06061 


12 





367 




8AND 


377) 






127 


06062 


10 





366 




8ADD 


24000) 




-5 


190 


06063 


37 





115 




STL 


OUTINT 
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P-50 HARK 11 ANALOG INPUT SCANNER TEST (DJ.8B) 



to 
I 
00 



131 












EJE 




132 
















133 


06064 


32 





006 


PRETST 


fcNL 


SPNRST 


134 


06065 


i4 





016 


OA 


OUT 


VDRCMl 


135 


06066 


32 





364 


J 


ENL 


100) 


136 


06067 


01 


1 


376 




OCR 


ACC 


137 


06070 


^7 





066 




HJP 


L-1 


140 


06071 


32 





oo;> 




ENL 


SPNSfcL 


141 


06072 


^4 





072 


GSPN 


JMP 


L*l 


142 


06073 


34 





076 


OB 


OUT 


VDRCH4 


143 


06074 


34 





056 


oc 


OUT 


VDRCM3 


144 


06075 


34 





036 


00 


OUT 


VDRCM2 


145 


06076 


34 





016 


OE 


OUT 


VORCHl 


146 
















147 


06077 


36 


1 


363 


VANITST 


HJP 


INITL 


150 


06100 


02 





250 


SETUP 


CHB 


ICNONE 


151 


06101 


03 





246 




bNB 


END 


152 


06102 


32 





Oil 




ENL 


NOPTS 


153 


06103 


37 





251 




STL 


INDEX 


154 


06104 


32 





012 




ENL 


CYCLES 


155 


06105 


37 





245 




STL 


CYCNT 


156 


06106 


32 





007 




ENL 


VALUb 


157 


06107 


11 





010 




SUB 


DEV 


160 


06110 


11 





362 


J 


SUB 


1) 


161 


06111 


37 





311 




STL 


LOLin 


162 


06112 


32 





007 




ENL 


VALUh 


163 


06113 


10 





010 




ADD 


OEV 


164 


06114 


37 





247 




STL 


HILIM 


165 
















166 


06115 


24 





115 


OUTINT 


JMP 


L*l 


167 


06116 


30 





076 


lA 


INT 


VDRCH4 


170 


06117 


37 





313 




STL 


NVAL4 


171 


061^0 


32 





222 




fcNL 


BIT 


172 


06121 


34 


1 


30S 




OUT 


L0C4.I 


173 


06122 


30 





056 


IB 


INT 


VDRCH3 


174 


06123 


37 





314 




STL 


NVAL3 


175 


06124 


32 





222 




ENL 


BIT 


176 


06125 


34 


1 


306 




OUT 


L0C3,I 


177 


06126 


30 





036 


IC 


INT 


VDRCH2 


200 


06127 


37 





315 




STL 


NVALiC 



PRETEST: OUTPUT GAIN AND SPAN SELECT 



REPLACEABLE DURING INITIALIZATION 



BEGIN TEST 

INITIALIZE 

SET riRST READING INDICATOR 
CLEAR END OF CYCLE INDICATOR 
STORE NUNBER OV POINTS TO BE READ 



LOW LIMIT 



HIGH LIMIT 
OUTPUT - INPUT ROUTINE 

REPLACEABLE DURING 



INITIALIZATION 
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P-50 1ARK II ANALOG INPUT SCANNER TEST \0188) 

201 06130 J2 222 fcNL BIT 

202 06131 34 1 307 OUT L0C2.I 

203 06132 30 016 ID INT VORCHl 

204 06133 37 316 STL NVALl 

205 U6134 32 222 tH\, BIT 

206 06135 34 1 310 UUT LCCt»I 

207 06136 32 361 ^TRIGEROENL 400 > 
210 06137 34 016 CUT VDRCHl 



tS3 
I 

CO 



•»-50 HARK II ANALOG INPUT SCANNER TEST ID18B) 



to 

M 
O 



211 










EJE 




ifl2 














213 


06140 


32 





250 


CKLIM ENL 


IGNORE 


214 


06141 


27 





162 


KJP 


ENTLOC 


215 


06142 


32 





360 


4 ENL 


NVALl) 


216 


06143 


47 





323 


STL 


VAL 


217 


06144 


32 





357 


J ENL 


INTPTl 


220 


06145 


37 





252 


STL 


INT 


221 


06146 


32 





001 


ENL 


NUMTST 


222 


06147 


37 





244 


STL 


COUNT 


223 


06150 


32 


1 


323 


LIHIT ENL 


VAL.l 


224 


06151 


11 





311 


SUB 


LOLin 


225 


06152 


27 





153 


PJP 


L^2 


226 


06153 


24 





323 


JHP 


LiNEHR 


227 


06154 


32 


1 


323 


ENL 


VAL»1 


230 


06155 


11 





247 


SUB 


HILIH 


231 


06156 


27 





323 


PJP 


LIHEKR 


232 


061S7 


01 





252 


DCRLIM DCR 


INT 


233 


06160 


01 





323 


Df:R 


VAL 


234 


06161 


01 





244 


DCR 


COUNT 


235 


06162 


27 





147 


PJP 


LIMIT 


236 


06163 


32 





310 


ENTLOC ENL 


LOCI 


237 


06164 


37 





256 


STL 


INTPTl 


240 


06165 


32 





307 


ENL 


L0C2 


241 


06166 


37 





25t> 


STL 


INTPT2 


242 


06167 


32 





306 


ENL 


L0C3 


243 


06170 


37 





254 


STL 


INTPT3 


244 


06171 


32 





305 


ENL 


L0C4 


245 


06172 


37 





253 


STL 


INTPT4 


246 


06173 


32 





222 


ENL 


BIT 


247 


06174 


37 





223 


STL 


BITSV 


250 


06175 


03 





250 


sna 


I GNOME 


251 


06176 


32 





246 


ENL 


END 


252 


06177 


27 





207 


PJP 


ENORT 


259 


06200 


24 


1 


356 


4 JMP 


INCRNT 


254 


06201 


01 





245 


CBA DCR 


CVCNT 


255 


06202 


27 





203 


PJP 


ASC 


256 


06203 


02 





246 


CMB 


END 


257 














260 


06204 


32 





221 


ABC ENL 


AFLAii 



CHECK FOR READING MITHIN LIMITS 
IGNORE THESE READINGS 

) 

CHECK READING 



DECREMENT COUNTERS TO CHECK NEXT VIDAR 



STORE WORD. CHANNEL. BIT FOR LIHERR 



INCNEHENT POINT ADDRESSES 



WAIT FOM INTERRUPT 



PAGE 



P-50 MARK II ANALOG INPUT SCANNER TEST (D188) 



I 



^61 
262 
263 
264 
265 
266 
267 
270 
271 
272 
273 
274 
275 
276 
277 
300 
301 
302 
303 
304 
305 
306 
307 
310 
311 
312 
313 
314 
315 
316 
317 
320 
321 
322 
323 
324 
325 
326 
327 
330 



06205 
06206 
06207 

06210 
06211 
06212 
06213 

06214 
06215 
U6216 
06217 
06220 

06221 
U6222 
06223 
06224 
06225 
06243 
U6244 
06245 
06246 
06247 
U6250 
U62S1 
06292 
U6253 
06254 
06255 
06256 
06257 
06264 
06265 
66266 
06267 
06271 
06276 
06277 



27 203 

02 221 
24 114 

03 246 
36 1 355 

0622;> 
24 076 



06 
03 
05 
23 



23 



00000 
321 
221 

321 

1 214 

00000 
00001 
00000 
1 000 
02145 
01477 
DOOOO 
00000 
20000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
00000 
05125 
06060 
00000 
00000 
00000 
02163 
00000 
00000 



ENDRT 



INTRTn 



PJP L-1 
CMB ArUAG 
JMP OUTINT 

SHB END 
HJP OTRCU 
OCT COHPLT 
JMP ANITST 



END ROUTINE 



ANALOG INTERRUPT RETUKN 



bOR SAVE 
SMB AFLAti 
EOR SAVE 
CLJ INTRTN. I 

AFLAG OCT 

BIT OCT 1 

8ITSV OCT 

CLJOI CLJ ,1 

COMPLT BCD 14ANAL0G SCANNER TEST COMPLETE 

OCT 1477 
COUNT OCT 
CYCNT OCT 
END OCT 20000 
HILIM OCT 
IGNORE OCT 
INDEX OCT 
INT OCT 
INTPT4 OCT 
IHTPT3 OCT 
IMTPT2 OCT 
IHTPTl OCT 
LIHFOR BCD 05REA0ING IS X 

OCT 6060 
H OCT 
H| OCT 
LOA OCT .6060 

BCD 05AT POINT X 
HIX OCT 
LQX OCT .6060 
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P-50 HARK II ANALOG INPUT SCANNER TEST (D18d) 



I 



to 



331 


06301 


00000 


HHB 


OCT 


i32 


U6302 


00000 


HIB 


OCT 


333 


U6303 


00000 


LOB 


OCT ,1477 


334 


U6305 


OUOOO 


L0C4 


OCT 


335 


06306 


00000 


L0C3 


OCT 


336 


06307 


00000 


L0C2 


OCT 


337 


U6310 


00000 


LOCI 


OCT 


340 


06311 


00000 


LOLIM 


OCT 


341 


06312 


00000 


LSTINT 


OCT 


342 


06313 


00000 


NVAL4 


OCT 


343 


06314 


00000 


NVAL3 


OCT 


344 


06315 


00000 


NVAL2 


OCT 


345 


06316 


00000 


NVALl 


OCT 


346 


06317 


34 000 


OUTX 


OUT 


347 


06320 


36 1 000 


RJPX 


HJP ,1 


350 


06321 


00000 


SAVE 


OCT 


351 


06322 


00000 


TEHP 


OCT 


352 


06323 


00000 


VAL 


OCT 



to 
I 



CO 
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P-50 MARK 


II ANALOG Input scanner 


453 








454 








355 


06324 


32 


1 323 LIH 


356 


06325 


36 


1 354 J 


357 


06326 


37 


267 


360 


06327 


36 


1 353 J 


361 


06330 


37 


266 


362 


06331 


32 


321 


363 


06332 


14 


1 376 


364 


06333 


14 


1 376 


365 


06334 


12 


352 V 


366 


06335 


10 


351 J 


367 


06336 


37 


265 


370 


06337 


32 


1 252 


371 


06340 


36 


1 354 


372 


06341 


37 


277 


373 


06342 


36 


1 353 


374 


06343 


37 


276 


375 


06344 


32 


223 


376 


06345 


36 


1 354 


377 


06346 


37 


303 


400 


06347 


36 


1 353 




06350 




24377 




06351 




06000 




06352 




00003 




06353 




06603 




06354 




06570 




06355 




07000 




U6356 




06411 




06357 




06256 




06360 




06316 




06361 




00400 




06362 




00001 




06963 




06530 




06364 




00144 




06365 




06115 




06366 




24000 




06367 




00377 




06370 




06072 




U6371 




00004 



TEST (D18B) 



EJE 

LIHERR ENL VAL#l 
RJP CNVTA 
S»Tl LOA 
KJP CNVTb 
STL HI 
ENL SAVE 
LSH ACC 
LSH ACC 
AND 3) 
BADD 6000) 
STL H 
ENL INT, I 
HJP CNVTA 
STL LOX 
RJP CNVTU 
STl HIX 
ENL BITSV 
KJP CNVTA 
STL LOB 
KJP CNVTb 
SKP 
MKD 
MHO 
MKD 
WHO 
NKD 
MRO 
MKO 
NKD 
NKD 
WHO 
MKO 
MKD 
MKO 
MRD 
MKD 
MHD 
MKO 



LIMIT ERROR 
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P-50 MA.^K II ANALOG INPUT SCANNER TEST (018B) 



U6372 


37777 


HHD 


06S73 


07041 


NHD 


06374 


07056 


NKD 


06375 


06214 


NKD 


06376 


OOlOl 


MHO 


06377 


OOlOO 


MHD 



to 
I 
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P-50 MARK H ANALOG INPUT SCANNER TEST (D188) 



401 


06400 


37 


1 267 


J 


STL 


HIB 


402 


U6401 


32 


1 266 


J 


ENL 


SAVE 


403 


06402 


14 


1 265 


J 


LbH 


ACC 


404 


06403 


14 


1 265 




L^H 


ACC 


405 


06404 


12 


264 


J 


AND 


3) 


406 


06405 


10 


263 


J 


6A00 


6000) 


407 


06406 


37 


1 262 


J 


STL 


HHB 


410 


06407 


36 


1 261 


J 


KJP 


OTRCU 


411 


06410 




06257 




UCT 


LlHfUR 


412 


U64H 


^4 


1 260 


J 


JMP 


JCRLIN 



to 
I 



01 
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P-50 HARK II ANALOG InPUT SCANNEf) TEST (DltiB) 



I 



05 



413 












bJE 






414 
















INCHEHENT POINT ADDRESS 


415 


06412 


32 





257 


VINCKHT 


ENL 


LOCI) 




416 


06413 


37 





233 




bTL 


LOC 




417 


U6414 


32 


1 


256 


J 


ENL 


NJHTST 




420 


06415 


37 


1 


255 


J 


STL 


COUNT 




421 


06416 


02 





122 




cne 


AODR 




422 


06417 


32 


1 


254 


J 


ENL 


BIT 




423 


06420 


27 





021 




PJP 


L*2 




424 


06421 


03 





122 




SHB 


ADDR 




425 


06422 


14 


1 


254 




LSH 


BIT 




426 


06423 


32 





122 




ENL 


ADDR 




427 


06424 


27 


1 


253 


V 


PJP 


ABC 




430 


06425 


32 


1 


252 


VINCCHN 


tNL 


HAXCHN 


INCHEHENT CHANNEL 


431 


06426 


11 


1 


127 




SUB 


CHMLNO. 


I 


432 


06427 


20 





040 




UP 


CH3 




433 


06430 


01 





127 




OCR 


CHNLNO 




434 


06431 


32 


1 


233 


CH2 


ENL 


LOCil 




435 


06432 


12 





251 


J 


BAND 


37700) 




436 


06433 


10 


1 


127 




ADO 


CHNLNO. 


I 


437 


06434 


37 


1 


233 




STL 


LOCI 




440 


06435 


01 





233 




OCR 


LOC 




441 


06436 


01 


1 


255 




OCR 


COUNT 




442 


06437 


27 





030 




PJP 


CH2 




443 


06440 


24 


1 


253 




JHP 


ABC 




444 


06441 


32 





250 


JCHi 


ENL 


CHANl) 




445 


06442 


37 





127 




STL 


CHNLNO 




446 


06443 


32 


1 


255 


incmrd 


ENL 


COUNT 


INCRENENT WORD 


447 


06444 


11 


1 


256 




SUB 


NUNTST 




450 


06445 


10 





247 


J 


ADO 


1) 




451 


06446 


27 





054 




PJP 


Rl 




452 


06447 


10 





247 




ADD 


1) 




453 


06450 


27 





063 




PJP 


R2 




454 


06451 


10 





247 




ADD 


1) 




455 


06452 


27 





072 




PJP 


R3 




496 


06453 


10 





247 




ADO 


1) 




457 


06494 


27 





101 




PJP 


R4 




460 


06495 


01 





224 


«l 


OCR 


COUNTl 




461 


06496 


27 





060 




PJP 


L*3 




462 


06497 


32 


1 


246 


J 


ENL 


CTRl 





PAGE 15 

P-50 MARK II ANALOG INPUT SCANNER TEST (D18B) 



I 



463 


06460 


37 





224 




S>TL 


COUNTl 


464 


06461 


32 





232 




ENL 


LIMI 


465 


U6462 


10 





224 




ADD 


COUNTl 


466 


06463 


<24 





107 




JMP 


R5 


467 


06464 


01 





223 


R2 


DCR 


C0UNT2 


47C 


06465 


n 





067 




HJP 


L*3 


471 


06466 


32 


1 


245 


J 


ENL 


CTR2 


472 


06467 


37 





223 




STL 


C0UNT2 


473 


06470 


32 





231 




ENL 


LIM2 


474 


06471 


10 





223 




ADD 


C0UNT2 


475 


06472 


24 





107 




JMP 


R5 


476 


06473 


01 





222 


H3 


DCR 


C0UNT3 


477 


U6474 


n 





076 




PJP 


L*3 


500 


06475 


32 


1 


244 


J 


ENL 


CTR3 


501 


06476 


37 





222 




J>TL 


C0UNT3 


502 


06477 


32 





230 




ENL 


L1M3 


503 


06500 


10 





222 




ADD 


C0UNT3 


504 


C6501 


it, 





107 




JMP 


R5 


505 


0^502 


01 





221 


R4 


OCR 


C0UNT4 


506 


06503 


n 





105 




PJP 


L*3 


507 


06504 


32 


1 


243 


4 


ENL 


CTR4 


510 


06505 


37 





221 




STL 


C0UNT4 


511 


06506 


32 





227 




fcNL 


LIM4 


512 


06507 


10 





221 




ADD 


C0UNT4 


513 


06510 


37 





122 


R5 


STL 


AODR 


514 


06511 


32 


1 


122 




ENL 


ADOR.l 


515 


06512 


10 


1 


127 




ADD 


CHNLNO. I 


516 


06513 


37 


1 


233 




STL 


LOCI 


517 


06514 


01 





233 




OCR 


LOC 


520 


06515 


01 


1 


255 




DCR 


COUNT 


521 


U6516 


27 





042 




PJP 


INCWHD 


522 


06517 


01 


1 


242 


4 


DCR 


INDEX 


523 


06520 


27 


1 


253 




PJP 


ABC 


524 


06521 


24 


1 


241 


4 


JMP 


CBA 


525 
















526 


06522 




00000 


AODR 


OCT 




527 


06523 




00077 


CHAN4 


OCT 


77 


530 


06524 




00017 


CHANS 


OCT 


17 


531 


06525 




00037 


CHAN2 


OCT 


37 


532 


06526 




00057 


CHANl 


OCT 


57 



to 
I 



00 
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53J 06527 00000 CHNLNO OCT 



I 



t£> 



PAGE 


17 














P-50 


MARK 


II ANALOC INPUT SCANNER 


TEST (D18B) 




534 










EJE 






535 












INITIALIZE 




536 


06530 




00000 INITL ... 






537 


06531 


32 


1 


256 


ENL 


NJMTilT 




540 


06532 


37 


1 


242 


STL 


INDEX 




541 


06533 


42 





240 J 


bNL 


lIHD 




542 


06534 


37 





22b 


STL 


LIM 




543 


06535 


32 





257 


fcNL 


LOCI) 




544 


06536 


37 





233 


STL 


LOG 




545 


06537 


32 





250 


ENL 


CHAND 




546 


06540 


37 


D 


127 


STL 


CHNLNO 




547 


06541 


32 





247 


ENL 


1) 




550 


06542 


37 


1 


254 


STL 


BIT 




551 


06543 


J2 


1 


226 U 


fcNL 


LIM, I 




552 


06544 


37 





225 


STL 


CNT 




553 


06545 


10 


1 


225 


ADD 


CNT, I 




554 


06546 


37 





122 


STL 


ADDR 




555 


06547 


42 


1 


122 


ENL 


ADDR* I 




556 


06550 


10 


1 


127 


ADD 


CHNLNO, I 




557 


06551 


67 


1 


233 


STL 


LOCI 




560 


06552 


01 


1 


242 


DCR 


INDEX 




561 


06553 


iiO 





156 


ZJP 


12 




562 


06554 


01 





226 


DCR 


LIM 




563 


06555 


01 





233 


DCR 


LOC 




564 


06556 


24 





142 


JMP 


11 




565 


06557 


32 


1 


246 12 


ENL 


CTRl 




566 


U6560 


37 





224 


STL 


COUNT! 




567 


06561 


32 


1 


245 


ENL 


CTR2 




570 


065-62 


37 





223 


STL 


C0UNT2 




571 


06563 


32 


1 


244 


ENL 


CTR3 




572 


06564 


37 





222 


STL 


C0UNT3 




573 


06565 


32 


1 


243 


ENL 


CTR4 




574 


06566 


37 





221 


STL 


C0UNT4 




575 


06567 


<!4 


1 


130 


ktn 





P-50 H. RK II ANALOG INPUT SCANNER TEST (D188) 



IS3 
I 

to 

o 



57l 










EJE 




577 












CONVERT 


600 


06570 




00000 


CNVTA 


• • • 




601 


06571 


67 


1 266 




bTL 


SAVE 


602 


06572 


12 


237 


J 


BAND 


7) 


603 


06573 


37 


1 236 


J 


STL 


TEMP 


604 


06574 


32 


1 266 




ENL 


SAVE 


605 


06575 


12 


235 


V 


BAND 


70) 


606 


06576 


14 


1 265 




LSH 


ACC 


607 


06577 


14 


1 265 




LSH 


ACC 


610 


06600 


14 


1 265 




LSH 


ACC 


611 


06601 


10 


1 236 




ADD 


TEMP 


612 


06602 


24 


1 170 




KIN 




613 












CONVERT 


614 


0660 5 




00000 


CNVTB 


• • t 




615 


06604 


32 


1 266 




feNL 


SAVE 


616 


06605 


12 


234 


J 


8AND 


700) 


617 


06606 


16 


1 265 




HSH 


ACC 


620 


0660'' 


16 


1 265 




ftSH 


ACC 


621 


066in 


16 


1 265 




RSH 


ACC 


622 


06611 


37 


1 236 




STL 


TEMP 


623 


06612 


32 


1 266 




fcNL 


SAVE 


624 


06613 


12 


261 




SAND 


7000) 


625 


06614 


10 


1 236 




ADD 


TEMP 


626 


06615 


16 


1 265 




KSH 


ACC 


627 


06616 


16 


1 265 




RSH 


ACC 


630 


0661? 


16 


1 265 




HSH 


ACC 


631 


0662D 


24 


1 203 




HTN 




632 














633 


06621 




00000 


C0UNT4 


OCT 




634 


0662? 




00000 


C0UNT3 


OCT 




635 


06623 




00000 


C0UNT2 


OCT 




636 


0662< 




00000 


COUNTl 


OCT 




637 


06625 




00000 


CNT 


OCT 




&40 


06626 




00000 


LIM 


OCT 




641 


06627 




07342 


LIM4 


OCT 


V1DAK4-1 


642 


06630 




07301 


LIH3 


OCT 


VIDAN3-1 


643 


06631 




07240 


LIH2 


OCT 


VIDAN2-1 


644 


06632 




07177 


LIHl 


OCT 


VlDAHl-1 


645 


06633 




00000 


LOC 


OCT 





2 LON ORDER DIGITS OF ACCUMULATOR 



2 HIGH ORDER DIGITS OF ACCUMULATOR 



PAGF 



19 



P-5C MARK II ANALOG INPUT SCANNER TEST (D18B) 



646 



to 
I 
to 



06634 


00700 


06635 


00070 


06636 


063<22 


06637 


00007 


06640 


06632 


06641 


06200 


06642 


06251 


06643 


07342 


06644 


07301 


06645 


07240 


06646 


07177 


06647 


00001 


06650 


06526 


06651 


37700 


06652 


06004 


06653 


06203 


06654 


06222 


06655 


06244 


06656 


06001 


06657 


06310 


06660 


06156 


06661 


07000 


06662 


06301 


06663 


06000 


06664 


00003 


06665 


00101 


06666 


06321 


06667 


06302 



EJE 
MHD 
MRO 
MHO 
MND 
MHO 
MHD 
MKD 
MHD 
MRD 
MHD 
MHD 
MKD 
MRD 
MKD 
MHD 
MKD 
MHD 
mRD 
MRD 
MRD 
MHD 
MRD 
MKD 
MRD 
MRD 
MHD 
MHO 
MKD 



PAGE 20 

P-50 HARK II ANALOG INPUT SCANNER TEST (0188) 



to 

I 

to 



647 






07000 




OHG 


ORIGIN^^IZ 




6»0 


07000 




00000 


OTRCD 


t t 1 


PRINT 


RECORD TERMINATED 


651 


07001 


32 





000 




ENL 


OTRCD 




652 


07002 


10 





076 


J 


ADO 


1) 




653 


07003 


37 





000 




STL 


OTRCD 




654 


U7004 


32 


1 


000 




ENL 


OTRCD. I 




655 


07005 


<J7 





065 




STL 


OTADS 




656 


07006 


03 





066 




SHB 


OTINU 




657 


07007 


62 


1 


065 


OTLOP 


ENL 


OTADS. I 




660 


07010 


16 





066 




RSH 


OTINU 




661 


07011 


27 





017 




PJP 


SECNU 




662 


07012 


16 


1 


075 


J 


RSH 


ACC 




663 


07013 


16 


1 


075 




RSH 


ACC 




664 


07014 


16 


1 


075 




RSH 


ACC 




665 


07015 


16 


1 


075 




RSH 


ACC 




666 


07016 


16 


1 


075 




RSH 


ACC 




667 


07017 


16 


1 


075 




RSH 


ACC 




670 


07020 


12 





074 


^SECND 


BAND 


77) 




671 


07021 


11 





074 




6SUB 


77) 




672 


07022 


20 


1 


000 




ZJP 


OTRCD. I 




673 


07023 


10 





074 




8A0D 


77) 




674 


07024 


27 





025 




PJP 


L*2 




675 


07025 


32 





073 


J 


ENL 


0) 




676 


07026 


36 





035 




NJP 


OTl 




677 


07027 


32 





065 




ENL 


OTADS 




700 


07030 


10 





076 




ADD 


1) 




701 


07S91 


16 





066 




RSH 


OTINO 




702 


07032 


27 





004 




PJP 


OTLOP-2 




703 


07033 


02 





066 




CNB 


OTIND 




704 


07034 


24 





006 




JHP 


OTLOP 




705 


















706 


07035 




00000 


on 


• • t 






707 


07036 


10 





072 


V 


ADD 


TBL) 




710 


07097 


37 









STL 


ADS 




711 


07040 


32 


1 






ENL 


ADS,1 




712 


07041 


34 







OASR 


OUT 






713 


07042 


32 









ENL 


NFLAti 


MAIT FOR INTERRU 


714 


07043 


27 









PJP 


L-1 




715 


07044 


02 









CHB 


NFLAiJ 




716 


07045 


32 









ENL 


ADS 





BY 77 CODE 



^^ 



to 



AGE 21 
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717 


07046 


11 


071 


J 


8SUB 


T8L*14) 




720 


07047 


<:o 


052 




iJ9 


LPD 




721 


07050 


32 


073 




ENL 


0) 




722 


07051 


37 


063 




STL 


ADS 




723 


U7052 


24 


1 035 




JHP 


OTl, J 




724 


07053 


32 


070 


VLFD 


8ENL 


30500) 




725 


07054 


37 


063 




STL 


ADS 




726 


07055 


24 


040 




JHP 


0T1*4 




727 












ASR 


INTERRUPT 


730 


07056 




00000 


ASRIN 


f • t 






731 


07057 


06 


1 067 


J 


SDR 


SAVE 




732 


07060 


03 


064 




SMB 


MFLAU 




733 


07061 


05 


1 067 




EOR 


SAVE 




734 
735 


07062 


23 


1 056 




CLJ 


ASRIN. I 




736 


07063 




00000 


ADS 


OCT 






737 


07064 




00000 


HrLAG 


OCT 






740 


07065 




00000 


OTADS 


OCT 






741 


07066 




00000 


OTINO 


OCT 






742 


07067 
07070 
07071 
07072 
07075 
07074 
07075 
07076 




06321 
30500 
07113 
07077 
00000 
00077 
00101 
00001 




GEN 
MRD 
MKO 
MRD 
NKO 
NKD 
MKD 
HHD 

MRD 







RETURN 



to 
I 
to 



PACE 


22 






P-90 HARK II ANALOG 


INPUT SCANNER 


TEST (1 




743 


COD 


vro 




7«5 07077 


23000 TBL 


cuo 




746 07100 


33040 


COD 




747 07101 


33100 


COO 




790 07102 


23140 


COD 




791 07103 


33200 


COO 




792 07104 


23240 


COD 




793 07109 


23300 


COD 




794 0710« 


93940 


COD 




799 07107 


99400 


COD 




796 07110 


29440 


COO 




797 07111 


99700 


COD 




760 07112 


99640 


COD 




761 07119 


90640 


COD 




762 07114 


29900 


COD 




763 07119 


99700 


COO 




764 07116 


22040 


COO 




765 07117 


22940 


COO 




766 07110 


24040 


COD 




767 07121 


24100 


COD 




770 07122 


34140 


COO 




771 07123 


24200 


COO 




772 07124 


34240 


COD 




779 07129 


34300 


COO 




774 07126 


24940 


COO 




779 07127 


24400 


COO 




776 07190 


94440 


COO 




777 07191 


29740 


COD 




LBtO 07192 


22700 


COO 




Ltll 07199 


92440 


COO 




Llt2 07194 


99940 


COO 




LOOS 07199 


29600 


COO 




Lt|4 07196 


92140 


COD 




LI09 07197 


22640 


COD 




L0I6 07140 


94900 


COO 




Lt07 07141 


24940 


COD 




LOie 07148 


94600 


COO 




LOll 07149 


24*40 


COD 




L012 07.144 


24700 


COO 



.2i 




• 0. 




«2i 




,2, 




.0. 




.2r 




.0. 




.0< 




• 2i 




• 2i 




• 0< 




• 9. 




• 2< 




• 2< 




• 




• 2( 




• 




• 0. 




• 1< 




*li 




• 9i 




»1a 




• 9. 




• Zi 




• li 




• l4 




• 9. 




• Oi 




• Oi 




• 2< 




• 9( 




• Oi 




• 2i 




• 0. 




• 94 




• li 




• 9i 




,lt 




• li 





TELETYPE 


MODEL 


3,5 




Oi 


00 


1* X 


01 


2* 2 


02 


3, 3 


03 


4» 4 


04 


5* 5 


05 


6. 6 


06 


7, 7 


07 


Oi 8 


10 


1* 9 


11 


6* 


12 


9* > 


13 


9. CR 


14 


2* 1 


15 


6* > 


16 


1* EXCLN 17 


9* * 


20 


1$ A 


21 


2« B 


22 


9. C 


23 


4* 


24 


9. E 


29 


6t F 


26 


7» 6 


27 


0* H 


90 


1. I 


91 


7. 7 


32 


o» 


33 


1* > 


94 


9. [ 


95 


4* < 


96 


9* • 


97 


9t 


40 


2* J 


41 


9* K 


42 


4, L 


49 


9* M 


44 


6* N 


49 



PAGE 



23 



P-50 



N3 
I 

to 



HARK 


[I ANALOG 


Input scanner test (disb) 








1013 


07145 


34740 




COD 


1.3,1.7. 





46 


1014 


07146 


25000 




COO 


1.1.2, 


0, 


P 


47 


1015 


07147 


35040 




COD 


l,i,i 


1, 


Q 


50 


1016 


07150 


35100 




COD 


1.3.2 


>2, 


R 


51 


1017 


07151 


25740 




COD 


1.1«4 


7, 


^ 


52 


1020 


07152 


22200 




COD 


1.0.4 


>4. 


S 


53 


1021 


07153 


32500 




COO 


1.2.5 


• 2# 


• 


54 


1022 


07154 


35644) 




COD 


1.3,3 


>5. 


J 


55 


1023 


07155 


33540 




COD 


1.2.7 


>3. 


1 


56 


1024 


07156 


34000 




COD 


1.3.0 


>0, 


• 


57 


1025 


07157 


32000 




COO 


1.2.4 


• 0* 


SPACE 60 


1026 


07160 


32740 




COD 


1.2,5 


>7. 


/ 


61 


1027 


07161 


25140 




COD 


1.1,2 


>3. 


S 


62 


1090 


07162 


35200 




COD 


1,3.2 


>4, 


T 


63 


1031 


07163 


25240 




COD 


1.1,2 


.5, 


U 


64 


1032 


07164 


25300 




COD 


1.1.2 


'6, 


V 


65 


1033 


07165 


35340 




COD 


1,3.2 


>7, 


H 


66 


1034 


07166 


35400 




COD 


1.3,3 


>0, 


X 


67 


1035 


07167 


25440 




COD 


1.1,3 


• 1, 


Y 


70 


1036 


07170 


25500 




COO 


1.1,3 


>2, 


Z 


71 


1037 


07171 


32240 




COD 


1.2,4 


.5, 




72 


1040 


07172 


32600 




COD 


1,2.5 


• 4, 


t 


73 


1041 


07173 


22400 




COD 


1,0.5 


>Q, 


( 


74 


1042 


07174 


32300 




COO 


1.2,4 


.6, 


AMP 75 


1043 


07175 


25600 




COD 


1.1,3 


r4. 


\ 


76 


1044 


07176 


20500 




COD 


1.0,1 


,2, 


L 


rEED77 


1045 
















1046 


07177 


00000 


CTRl 


OCT 








1047 






VIDARl 


RPT 


32 






1050 


07200 


00000 




OCT 








1051 


07240 


00000 


CTR2 


OCT 








1052 






VIDAR2 


RPT 


32 






1053 


07241 


00000 




OCT 








4054 


07301 


00000 


CTRS 


OCT 








1055 






VIDAR9 


RPT 


92 






1056 


07302 


00000 




OCT 








1057 


07942 


00000 


CTR4 


OCT 








1060 






VIDAR4 


RPT 


32 






X061 


07949 


00000 




OCT 








1062 




00000 




END 











CONTACT CLOSURE OUTPUT VS. CONTACT CLOSURE INPUT TEST (D19A) 

I. Purpose of Test 

To test up to eight contact closure output registers against the same number of 
contact closure inijut registers without the use of the P-50 Executives. Various 
patterns are spt on the registers and the registers are then checked for proper 
operation. This test is for multiplexed CCI. See V for non-multiplexed modifi- 
cations. 

TI. Description of Test 

The program assumes that n contact output registers are tied to n contact Input 
registers (wherr n ranges from 1 to 8). Various patterns are output to thfi con- 
tact outputs; after each change, all the contact Inputs are checked to verify that 
the desired changes (and no more) took place. 

The pattern of output Is as follows: 

00000,37777 0000G,37777,(Sequence of 14) 

00001.00002 , 10000, 20000,(Sequence of 14) 

20000,30000 37776, 37777,(Sequence of 14) 

12525,25252 12525,25252,(Sequence of 14) 

ni. Description of Operation 

A. Read In the binary tape of the Contact Closure Output vs. Contact Closure 
Input test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Regtster with the starting location of the 
binary loader (X7602) ; depress the Start button. 

3. Put machine In RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Reglster with the parameter location. 

3. Using the probe, load the X-P.eglster with the parameter constant; depress 
the Start button. 

4. Repeat 2 and 3 until all the following parameters have been entered. 
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Location 
60008-60078 CWDS 



60108-60178 IBF 



60208 


NCCQf 


6021g 


CC(Jft 


6022g 


dm 


60238 


IRI 


60248 


ASRI 


60258 


CCKjrUT 



60268 



60278 



C. Start the test. 



CCnNT 



(?UTASR 



Description 

Contact closure output (CCO) control words, 
one for each register. Each control word con- 
tains the word (bits 13-6) and the set channel 
(bits 5-0) for a particular output. The registers 
are assigned numbers 0-7 corresponding to lo- 
cations 60008-60078. 

Contact closure Input (CCI) control words, one 
for each register. Each control word contains 
a one In the bit position corresponding to the 
register number. For example, a one In bit 4 
(208) °^ ^^6 control word refers to register 4. 
Note, one and only one bit of a control word 
can be set. The registers are assigned num- 
bers 0-7 corresponding to locations 60108- 
60178. 

Number of registers to be tested. 

Contact closure output (CCO) completion Inter- 
rupt location. 

Contact closure Input (CCI) cycle completion 
Interrupt location. 

Contact closure Input (CCI) Input request inter- 
rupt location. 

ASR output completion Interrupt location. 

Output command to contact closure Input (CCI) 
address channel. For example. If the channel 
Is 428, ^6 command Is 34042g (QfUT 428). 

Input command from contact closure Input 
(CCI) read channel. For example, If the channel 
Is 438, ^^^ command Is 300438 (INT 438). 

Output command to ASR output channel. For 
example. If the channel Is 448, ^^ command Is 
340448 (QfUT 448). 



1. Put machine In WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Reglster with the starting location of the test 
(60278): depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Clear the lockout and hit flip-flop using the probe; depress the Start 
button. 
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D. Test runs continuously, printing out a completion message on the ASR set 
after five runs. 

CC0-CCI TEST COMPLETED 

E. When an error occurs a message is printed out on the ASR set, and the test 
continues. The error message format is: 

CC0-CCI REGISTER a SHOULD BE bbbb BUT IS cccc. 

where 

a = Register number 
bbbb * Pattern that should be there 
cccc = Pattern which Is there 

IV. Storage 

Number of locations used: 10528 (eOOOg-TOSlg). 

V. Non- Multiplexed CCI Modification to 019 A 

It should be pointed out here that CCI can be multiplexed or non-multiplexed. The 
program listed in D19A is for multiplexed CCI; if non-multiplexed CCI's are used, 
the program must be modified as follows: 

Location Initial Contents New Content 

6635 32631 300 XX* 

6636 10342 23631 

♦Input channel number 

VI. Test Cables 

A. Multiplexed CCI Vs. CCQ^ Cable 

Drawing 775A055, sheets 1 to 6 show the connections for multiplexed CCI vs. 
CC(ji. This cable allows the user to check up to 28 CC(2< points. Figure 1 
below shows a block diagram of the connectors. 
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CM 




Bits 
0-7 


Hood 
#3 
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Hood 
« 
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i 




Hood 

« 
1 






C0 #2 




A 






Bits 8-13 


Hood 
#4 














BitsC 


-/ 






r 












C^«3 




•»• 48/1 25 V Return 








Hood 
#5 










Bit 


s 














25 V 8-13^ 


) 


C^#4 






Trig 


LJ\I 


Hood 
#6 




















MPLX. 


cci vs. 

Fig 


CC(2< TEST CABLE 
lire 1 
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WISTINOHOUSI niCTtlC COIPOtATION computer systems division ^..^ ».. 

TITLE PRo-DKC 50/550 CA^Bufi Wl1!IN4k UI5T , . _ 

D%VG 7 75" A OSS SuB/t^i^ Finish CWAUT . .. 


TfRM 


COLOR 


TO 

TERM 


REMARKS 


PROM 
Hooo*3 
TERM 


COLOR 


TO 
TERM 


l?£MARKS 


yas 


BlK 


X4 


CCd 8.0 -CHaWJt*) 


X8 


BUC 


A 35 


CP^ "B-O 


/g4 


wu /buc 


X'O 


A^ B.I 


pt 


mAi.^ 


X53 


^ 


* B.. 


X3? 


p.eM 


1^/4 




B.2 


Xl^ 


^ftlO 


XSl 




E.l 


X32 


♦J^/B^^^J 


XZ?. 




8.3 


X23 


wu/sRfi 


X2-9 




B.3 


V3/ 


eeo 


Xa^ 




B.4 


X27 


"^^ep 


^27 




•B.4 


)C30 


Wu/fcTD 


X^O 




B.S 


X31 


\x)«/ReT5 


xa-s- 




RS 


x'2q 


ceki 


)(3f 


1 


' B.fe 


X35 


(3,1?Ki 


X23 


ir B.di 




WU/iCk) 








\M«/<s.eKi 






































































































X 1 


-CiR»k -- 


tf 1 Mfr 




-)^4Hlh 


GftN 
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xg 


VUu/&R.^ 
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SW£^? 
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7 75'A C?55 
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WISTINONOUSI ILICrtlC CORPORATION computer systems division 



ritT««u»«M »• w • • 



'; TITLE 'PWr-oOKG 5o/«rsO CA'^ME UJ»RiOC» CiST 

\ -Tc-iT e^15ut ro«. met- cc^ tcst 

j DWG I'^S'A OS'S" Sub// ^^ Finish Chart 




COLOR 


TO 


K'e^AARKb 


FROM 
TERM 


COLOR 


Hcoo'l 

TERAA 


REMARKS 


hclS" 


Blk 


x^ 


CC* a.7 -CtAtWf^l 


X^ 


•Bute 


X2( 


CCji B.-? 


, XZ7 


WU./8L^ 


X \0 


An 


A a.. 


XI2- 


lOH/Oultl 


Xl3 


-SMt B.« 


1X26 


BPM 


Xl4 




B.9 


}HL 


-BRJ^ 


Xl< 




8.9 


xzs 


vj^/BRKi 


X22 




B.IO 


)<23 


lU^*/BB»si 


A9 




Rl^) 


Xi4 


^eo 


xe:^ 




B.ll 


Ixi? 


RED 


X7 




B.ll 


ix^s 


yjuJf^f^D 


^f^O 




a.\? 


X3I 


«0«/cED 


X5 




B.i£ 


/22. 


CiRN 


^^4 


' 


f B.I3 


X35 


G,RM 


X3 


f aa 




\MH/6I?N 








\MvA/Gi?M 
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WISTINOHOUSI ILICniC COIPOtAHON computer systems division 

TITLE VROOKC Sc/sSO Cft,Bu6 V»J>R\K(^ L»ST 

DwG '775'A ^5'5' Sub yf^j^^ Finish Cmaut 


FPOM 


COLOR 


TO 

TERM 


PEMARKS 


FROM 
TERM 


COLOR 


TO 
TERAA 


REMARKS 


X 1(0 


BUK 


X(- 


X? 


Blic 


/34 


^£A B.O 


X\5 


uju./bl^ 


;^»o 


AM B., 


X»t 


wu/qlvc 


x^2 


1^ 1.. 


A14 


P,eM 


?^I4 




B.2 


XiC 


-RRisi 


X30 




B.e 


Xi^ 


w^/auKi 


xe^ 




B.3 


X2^ 


wm/sro 


}r?8 




B.3 


XI?. 


eeo 


XSCi 




B.4 


IXZ7 


-RED 


^2^ 




B.4 


^Il 


WMypFD 


X30 




a,5 


K^l 


ww/red 


X24 




B.S 


XIO 
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343 


vrORS ENL 


7) 


271 


•6322 


37 





174 


STL 


T9 


272 


• 6323 


01 





175 


OCR 


TlO 


273 


•6324 


27 





275 


PJP 


LOOP 


274 


06329 


32 





342 


</ 8ENL 


6000) 


279 


06326 


37 





177 


STL 


T12 


276 


06327 


24 


1 


265 


NTn 




277 


06330 


14 


1 


341 


JFRSCH LSH 


ACC 


too 


06331 


14 


1 


341 


LSH 


ACC 


301 


• 6332 


14 


1 


341 


LSH 


ACC 


302 


06333 


14 


1 


341 


LSH 


ACC 



DATE 4/14/<45. TIHE 2/43/29 A.M 
PROJECT MO, 5600^^ PHOGRAHMEK 0, HtfiNO 



PAGE f 



I 
to 



Tape NUHbeK 447514 



303 


06334 


14 


1 341 


tSH 


ACC 


304 


06335 


14 


1 341 


LSH 


ACC 


305 


06336 


37 


177 


STL 


T12 


306 


06337 


03 


176 


sne 


Til 


307 


06340 


24 


320 


JMP 


rORS 


310 








GEN 






0*341 




00101 


toRD 






06342 




06000 


MMD 






06343 




00007 


taHD 






0*344 




00060 


mmu 






06349 




06241 


mND 






0*34* 




37777 


toW; 






0*347 




06291 


NHC 






0*390 




06260 


MHD 






0*391 




06694 


WHO 






0*392 




00009 


lifiD 






0*393 




06631 


HMD 






0*394 




00149 


MRO 






0*399 




00144 


HRQ 






0*39* 




00000 


MRO 






0*397 




06497 


HHD 






0*3*0 




00003 


NHO 






0*3*1 




0*430 


taHC 






0*3*2 




00001 


NRD 






0*3*3 




00070 


MNQ 






0*3*4 




0*717 


taHD 






0*3*9 




0**44 


MHO 






0*3** 




0**41 


MHO 





DATE 4/14/65. TIME 2/44/31 A.M 
PROJECT HO. 530053 PROGRAMMER 0. HEVING 



PAGE 1< 



TAPE NUMBER 447514 



111 
312 



«19 



CO 



to 



S14 



MX3 



06367 
06370 
06371 
06372 
06373 
06374 
06375 
06376 
06377 
06400 
06401 
06402 
06403 
06404 
06405 
06406 
06407 
06410 
06411 
06412 
06413 
06414 
06415 
• 6416 
06417 
06420 
06421 
0«|422 
06423 
06424 
06425 
06426 
06427 
06430 
06431 
06432 
•6433 
•6434 
06435 



25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
25252 
12525 
37777 
37776 
37774 
37770 
37760 
37740 
37700 
37600 
37400 
37000 
36000 
34000 
30000 
20000 
20000 
10000 
04000 
02000 
01000 
00400 
00200 
00100 
00040 
00020 
00010 



PTRNS KPT 7 

OCT 25252,12525 



OCT 37777, 37776, 37774, 37770, 37760. 37740, 37700 1 37600 ,37400,37000 



OCT 36000,34000,30000,20000 



OCT 20000. 10000, 4000, 2000 ,1000, 400. 200, 100. 40. 20. 10, 4 » 2.1 



CO 



to 



DATE 4/14/65. T I HE 2/4i/3t> A.M. 
PROjfCT NO, 5S0053 PROGRAMHER D. HEYING 



PAGE 11 



TAPE NUMBER 447514 



064J6 


00004 


••437 


0000^2 


••440 


00001 


316 




317 0^441 


37777 


••442 


37777 


••443 


37777 


••444 


37777 


••445 


37777 


••44« 


37777 


••447 


37777 


••4sa 


37777 


••491 


37777 


••492 


37777 


••453 


37777 


••«S4 


37777 


••499 


37777 


••49* 


37777 



MPT 7 

OCT 37777,37777 



DATE 4/14/65. 



IME 2/4i/37 *,M 



PROJECT NO. 530053 PHOGRAHMgR D. HEWING 



PACE IS 



TAPE NUMBEK 447514 



CO 



h9 



320 










521 










322 


06457 




00000 


323 


06460 


37 





11^ 


324 


06461 


32 





057 


325 


06462 


10 





140 


326 


06463 


37 





057 


327 


06464 


32 


1 


057 


330 


06465 


37 





lla 


331 


06466 


10 





137 


332 


06467 


37 





117 


333 


06470 


32 


1 


117 


334 


06471 


37 





120 


S95 


06472 


32 




116 


336 


06473 


10 




136 


337 


C6474 


37 




117 


340 


06475 


32 




135 


341 


06476 


37 




121 


342 


06477 


32 




ll'> 


343 


06500 


37 




117 


344 


06501 


34 




120 


345 


06502 


01 




134 


346 


06503 




00000 


347 


06504 


32 




121 


350 


06505 


20 




121 


391 


06506 


01 




121 


352 


06507 


20 




113 


353 


06510 


01 




120 


3S4 


06511 


32 




117 


3S5 


0*512 


13 




133 


396 


06913 


23 




100 


357 


06514 


23 




057 



EJE 



ACHH 



I 

§ 

INTCCO 



ROUTINE TO SIMULATE AC»« WITHOUT EXECUTIVES, 



S>TL 
feKL 
ADD 
iTL 
fcNL 
STL 



DATA 

ACKR 

1) 

ACriR 

ACi<R. I 

REGA 

ADO Ct^DS) 

S'L C«D 

STi. CMWD 
ENL NESA 
ADD 6U~) 
iTL CXD 
EN*. 2> 
STL IFLG 
ENL DATA 
STL CMg.i 
OUT CHHD.I 
UCR PC 



feUL 

OCR 
2JP 



IfLG 
STOP 
ITLG 
L*5 
OCR L'HMD 
ENL CMD.l 
kOR >) 

CLJ 0U7C 
CLJ ACMR.I 



DATE 4/14,65. TlHc 2/4i/4i *,M. 
PROJECT NO. 530053 PHOGRAHHER 0, HEYINU 



PACe 1 



TAPE NUHBER 447514 



CO 

I 
^^ 

00 











EJE 




06515 


00000 


DATA 


OCT 




06516 


00000 


REGA 


OCT 




06517 


00000 


CMD 


OCT 




06520 


00000 


CHHO 


OCT 




06521 


00000 


irtG 


OCT 




06522 


00 077 


STOP 


OSTP 77 








tfUF 


hPT 


371 


06523 
§6524 
06525 
06526 

06527 
06530 

§6531 
06532 






OCT 
VEN 




§6533 






HMO 




§6534 






MrtO 




§6535 






HRO 




§6536 






hHO 




§6537 






HRO 




§6540 






MHO 



DATE 



CD 



4/14/65. TIME 


2/4i 


T NO. 


530053 


PROGRAMM 


372 








373 


06541 




00000 


374 


06542 


32 


351 


375 


06543 


37 


210 


374 


06544 


32 


141 


377 


06545 


24 


151 


400 


06546 




00000 


401 


06547 


32 


350 


402 


06550 


37 


210 


MS 


06551 


32 


146 


4«4 


06552 


10 


347 


409 


06553 


37 


146 


406 


06554 


32 


1 146 


407 


06555 


12 


346 


410 


06556 


37 


211 


411 


06557 


32 


1 146 


412 


06560 


16 


1 345 


41S 


06561 


16 


1 345 


414 


06562 


16 


1 345 


415 


06563 


16 


1 345 


416 


06564 


37 


202 


417 


06565 


10 


344 


420 


06566 


37 


212 


421 


06967 


32 


211 


422 


06970 


10 


343 


423 


06571 


37 


211 


424 


06972 


32 


1 211 


429 


06973 


37 


211 


426 


06974 


32 


210 


427 


06575 


27 


203 


43t 


06576 


13 


211 


431 


06977 


12 


212 


432 


06600 


13 


211 


433 


06601 


36 


057 


434 


06602 




00000 


435 


06603 


24 


1 146 


43* 


06604 


32 


351 


437 


06605 


13 


211 


44§ 


06606 


12 


212 


441 


06607 


24 


200 



*.H, 



PA6f 1 



S80 



saz 



ACMC 



SBZA 



TAPE NUMBEH 447514 
ROUTINES rOH SBO AND S8Z HITMOUT EXECUTIVES^ 



feNL 


-) 


STL 


HASK 


ENL 


StlO 


JMP 


S8Z*4 


c I t 

ENL 


0) 


STL 


MASK 


kNL 


saz 


ADD 


1) 


STL 


S8Z 


ENL 


saz. I 


8AND 


17) 


STL 


BIT 


ENL 


saz. I 


RSh 


ACC 


NSH 


ACC 


NSH 


ACC 


RSH 


ACC 


STL 


ACtiC^l 


ADD 


BUD 


STL 


INIT 


ENL 


BIT 


ADD 


MAST) 


STL 


BIT 


ENL 


BIT.] 


STL 


BIT 


ENL 


MASK 


PJP 


SdZA 


EOR 


BIT 


AND 


INIT 


EOR 


BIT 


KJP 


ACMR 


OCT 




ktn 




ENL 


-) 


EOR 


BIT 


AND 


INIT 


JHP 


ACHC 



DATE 4/14/65. TIME 2/4i/48 k,n, PA6f l5 

PROJECT NO. 5J0033 PR0GR4HMEM D> HEYING TAPE NUHBgR 447S14 

OCT 
OCT 
0C1 
OCT 1, 2. 4, 10 » 20 • 40. 100. 200. 400 ( 1000 • 2000 > 4000 • 10000. 20000 



CO 

I 

CO 

o 



442 


•6610 


00000 


HASK 


443 


•6611 


00000 


sr 


444 


•6612 


00000 


INIT 


44$ 


•6613 


00001 


HAST 




•6614 


00002 






•661» 


00004 






•6616 


00010 






•6617 


00020 






•4620 


00040 






•6621 


00100 






•6622 


00200 






•6623 


00400 






•6624 


01000 






•6625 


02000 






•6626 


04000 






06627 


10000 






•6630 


20000 





CO 

I 

CO 



DATE 4/14/65. ^ 


iMf 


2/43 


PROJECT WC. 


SAta-si 


l^aOGRAMH 


44* 








447 


A6631 




•1000 


450 


fffrtfJ^ 


Si 


231 


451 


•<»63& 


10 


347 


4*? 


06634 


3/ 


231 


453 


06635 


12 


1 231 


454 


06636 


!• 


342 


455 


06637 


«-» 


2b6 


45« 


06640 


K 


1 »5i 


457 


06641 




• tto 


460 


0664? 




1 i!^a 


461 


a**43 




••••0 


46^ 


•6644 




• too 


463 


»*6*5 




• 3^3 


464 


0*646 




746 


«fl» 


0664 7 




1 350 


4«6 


•6650 




•oooo 


<*7 


06651 




» 753 


470 


06652 




1 231 


471 


06653 




00000 



».M. 



Pace ib 



T*IP( IIUUIMa.fcKI ««?Si4 



CAto 



IHlh' 



OOlh' 



TEMP 



fcJfc 



ACL i: 

b'L CAW 

AL'D IMF; 
b*. "feMP 

t'*'. *E«p. : 

UCR PC 

JN- 

b'L 'EMP 
CCJ L*l 
DCK PC 

fcNU TEMP 
biki CAM.l 

oc- 



DATE 4/14/65. Unfr 2/4i/5^ A,l 
PHOJiC' NO. SJ005i PROGRAMMER D, HfcYiNG 



*»AiE 17 



CO 

I 

CO 
to 



472 












kJi 




473 


06654 




00000 


0-RC3 




P 


474 


06655 


32 





254 




ENl 


0-RCO 


475 


06656 


10 





347 




ADD 


H 


476 


06657 


3? 





254 




S»Tl 


OTRCO 


477 


O6660 


32 


1 


254 




£NL 


O'HCD.I 


soo 


06661 


37 





311 




J>TL 


O'ADb 


501 


•6662 


03 





312 




SHB 


QTlDiu 


502 


S6663 


32 




311 


OTLOP 


ENt 


otaos.i 


503 


•6664 


16 




312 




kHH 


O'lHO 


504 


06665 


27 




2?i 




HJP 


SECNO 


505 


•6666 


16 




349 




HSM 


ACC 


506 


•6667 


16 




345 




KSH 


ACC 


507 


06670 


16 




345 




kbH 


ACC 


516 


•6671 


16 




345 




NSH 


ACC 


511 


•6672 


16 




345 




kSH 


ACC 


512 


06673 


16 




345 




H^H 


ACC 


513 


•6674 


12 




341 


VSECND 


8AND 


77) 


514 


• 6675 


11 




341 




8bUt) 


77) 


51$ 


•6676 


20 




254 




UP 


OTRCD. I 


516 


• 6677 


10 




341 




8ADD 


^7) 


517 


06700 


27 




301 




HJP 


1*2 


520 


•6701 


32 




350 




feNL 


0) 


521 


06702 


36 




313 




hJP 


OTl 


522 


•6703 


32 




311 




feNL 


OTaDS 


523 


•6704 


10 




347 




ADO 


1) 


524 


•6705 


16 




312 




NSH 


OTINU 


525 


•«706 


27 




260 




PJP 


OTLOP-2 


526 


06707 


02 




312 




CHB 


OTINO 


527 


•6710 


24 




262 




JMP 


OTLOP 


5J0 


06711 




00000 


OTADS 


UCT 




931 


•6712 




00000 


OTI*iD 


OCT 





TAPE NUMbER 447514 



PRINT RECOHD TERMINATED BY 77 CODE 



GATE 4/14/65. IIMF 2/4i/55 *.M 

PROJECT NCI. iJOO^i PHOG«»HME« P n£'INU » 



Pace If 



.'•a?" •♦7si« 



u 
I 

CO 
Co 



53? 










fcJE 




533 


06713 




00300 


OTl 


: 1 . 




534 


B6714 


10 


340 


/ 


ADD 


^•JL) 


535 


06715 


3' 


li-y 




S»TL 


ADj 


536 


06716 


32 


1 335 




kH^ 


AD.;. J 


537 


06717 


34 


000 




our 




540 


•6720 


01 


1 350 




l;CR 


PC 


541 


• 6721 




00000 


ASRIN 






54? 


•6722 


32 


335 




fcNL 


ADS 


543 


06723 


20 


330 




tJP 


!GNQN< 


544 


•6724 


11 


337 


J 


BbVe 


TaL»l«) 


545 


•6725 


20 


331 




IJ9 


LFD 


546 


•6726 


32 


350 




feNL 


Oi 


547 


•6727 


37 


335 




!>TL 


ADS 


550 


•6730 


23 


1 313 




CLJ 


on. I 


551 


• 6731 


23 


1 321 


IGNOHA CLJ 


ASRIN.I 


552 


•6732 


32 


336 


VLFD 


OENL 


30500 > 


553 


•6733 


37 


335 




sa 


ADS 


554 


•6734 


23 


316 




CLJ 


0Tl*4 


555 


•6735 




00000 


ADS 


OCT 




556 


•6736 
•«737 
•6740 
•6741 
06742 
•6743 
•6744 
06745 
•6746 
•6747 
• 6750 
06751 




30500 
0676b 
06752 
00077 
06010 
06613 
06523 
00101 
00017 
00001 
00000 
37777 




CEN 
MRO 
WRQ 

MMo 

MRO 
MRO 
MRD 
MHO 
MHO 
MHD 
MRO 
MRD 





DATE 4/14/65. TIME 2/4J/59 A.M. 
"ROJCCT »I0. Si0053 PROGRAMMER 0. mEYING 



PAaC 19 



UPE NUMBER 447514 



Ca3 
I 

CO 
.1^ 



557 




COD VFD 


1.8.^ 


560 




CDE MAC 


A.B.C.O.E.r.G.H 


561 






COD 


l.A. 


562 






COD 


I.e. 


563 






COD 


I.e. 


564 






COD 


l.D. 


565 






COD 


I.E. 


96* 






COD 


i.r. 


567 






COD 


1.6. 


»70 






COD 


l.H. 


571 






TER 




572 




TBI OCOE 


260.261.262.263.264.265.266.267 


971 i 


)6752 


33000 


COO 


1.260. 


572 1 


)6753 


33040 


COD 


1.261. 


»72 1 


>«754 


33100 


COD 


1.262. 


»72 i 


16755 


33140 


COD 


1.263. 


572 ( 


)6756 


33200 


COD 


1.264. 


572 ( 


16757 


33240 


COO 


1.26>. 


572 1 


16760 


33300 


COD 


1.266. 


572 « 


)6761 


13340 


COD 


1.267. 


573 






8CDE 


270.271.336.275,215.272.276.241 


573 1 


16762 


33400 


COD 


1.270. 


573 1 


16763 


33440 


* COD 


1.271. 


573 1 


16764 


35700 


COD 


1.336. 


573 < 


16765 


33640 


COO 


1.27^, 


573 1 


16766 


30640 


COD 


1.215. 


573 1 


16767 


33500 


COO 


1.272. 


571 ( 


16770 


33700 


COD 


1.276. 


573 1 


16771 


32040 


COO 


1.241. 


574 






•CDE 


253*301.302.303.304.305.306.307 


574 1 


J6772 


32540 


COD 


1.253. 


574 1 


»6773 


34040 


COO 


1.301. 


574 1 


J6774 


34100 


COD 


1.302. 


574 1 


16775 


34140 


COO 


1.303. 


574 1 


16776 


34200 


COO 


1.304. 


574 1 


16777 


34240 


COO 


1.305. 


974 ( 


17000 


34300 


COO 


1.306. 


574 1 


17001 


34340 


COO 


1.307. 


979 






SCOE 


310.311.277.256.251,333.274.243 


979 ( 


17002 


34400 


COO 


1.310, 



0»T€ 4/14/6). TIME 2/44/03 A,M, 



PA8i 2t 



CO 

I 

CO 

en 



f^ROJCCT NO. 


930053 


PH03RAhHEH 0. 


KEYING 


TAPE HUnOEil 447514 


575 


OTOOi 


34440 


COD 


1.311. 


57* 


• 7694 


33740 


COD 


1.277. 


575 


07005 


32700 


COO 


1.256. 


575 


•7t06 


32440 


£0D 


1.251. 


575 


•7007 


35540 


COB 


1.999. 


5T5 


•7010 


33600 


COD 


1.274. 


575 


•7011 


32140 


C30 


1.243. 


57« 






•CDE 


255.912.911(114.915.916.917.320 


57* 


•7012 


32640 


COB 


1.255. 


576 


07013 


34500 


COB 


1.912. 


576 


07014 


34540 


COB 


1.919. 


576 


• 7015 


34600 


COB 


1.914. 


576 


• 7016 


34640 


COB 


1.915. 


576 


07017 


34790 


COB 


1.916. 


976 


07020 


34740 


COB 


1.917. 


97« 


O7021 


35000 


COB 


1.120. 


577 






8CBE 


921.122. 397. >44,252»995.279« 300 


577 


07022 


35040 


COB 


1.121. 


577 


0702J 


35100 


COB 


1.122. 


577 


• 7024 


95740 


COO 


1.197. 


577 


• 7025 


92200 


SOB 


1.244. 


577 


07026 


92500 


COB 


1.252. 


577 


• 7«27 


95640 


COB 


1.115. 


57T 


• 7090 


99540 


COB 


1.271. 


577 


•7091 


94000 


COB 


t.M^. 


•00 






•CDE 


24^,2S7.921.12«,125,126.927.93a 


«00 


• 70S2 


92000 


COB 


1.2M. 


«00 


• 7033 


92740 


COB 


t.297. 


iOt 


• 7034 


95140 


COB 


1.129. 


•01 


• 7035 


95200 


COB 


1.924. 


«•• 


07036 


95240 


COB 


1.125. 


Ml 


• 7»J7 


95900 


COB 


1.126. 


«0I 


• 7^40 


95940 


COD 


1.127. 


«>• 


• 7041 


95400 


COO 


I.IM. 


«01 






•COC 


991. 332. 249. 254. 25». 246.114. 212 


•01 


07042 


95440 


COB 


1*991. 


•01 


07043 


95500 


COB 


1.992. 


Ml 


07044 


92240 


COB 1.245. 


Ml 


•7045 


92600 


COB 


1.254. 


•01 


07046 


92400 


COB 


1.250. 



CO 
I 

00 
Oi 



DATE 4^1</65, TlHE 2/*4/07 A.M. PASE 2^ 

PROJECT NO. SiOOSi CROGRAMHEH D, HbYINU 'APE NUHBfcW 447^14 



601 


07047 


i2300 


wOC 1.246. 


«01 


• 7050 


356G0 


COO l.iJ4. 


601 
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CONTACT CLOSURE OUTPUT VS. PROCESS INTERRUPT TEST(D20 

L Purpose of Test 

To check up to four words of process interrupts by connecting them to the same 
number of contact closure output words. 

IL Description of Test 

The program consists of four parts. 

In part one, initialization, all contacts are opened and the corresponding interrupt 
images are cleared to positive zero. 

In part two, the following sequence is executed: close a contact, check for an 
interrupt (one and only one interrupt should occur); open the same contact, check 
for an interrupt (no interrupt should occur). All contacts are tested. 

In part three the following sequence is executed: close a contact, check for an 
interrupt (one and only one interrupt should occur); repeat until all contacts are 
closed. 

In part four the following sequence is executed: open a contact check for an in- 
terrupt (no interrupt should occur); close a contact, check for an interrupt (one 
and only one interrupt should occur). All contacts are tested. 

III. Etesc ription of Operation 

A. Read in the binary tape of the Contact Closure Output vs. Process Interrupt 
test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X- Register with the starting location of the 
binary loader (X7602); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X- Register with the parameter constant; de- 
press the Start button. 

4. Repeat 2 and 2 until all the following parameters have been entered. 

Location Description 

Q.Af\n- nn/H nnntaM r>lnoiit<0 niitniit iC.C(A\ nnmnletion interruDt 

location. 

54018 ASR ASR output completion interrupt location 

54028 ASRCHN ASR output channel number 
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Location Description 

54038 C0N Number of contacts which are connected to process 

interrupts; the maximum number is S6|o. Bit 
of first CCC) word is connected to first process in- 
terrupt, Bit 1 to second, etc. 

5404g PRI Location of first process interrupt which is con- 

nected to a contact closure output (CCQ)). The 
process interrupts are assigneid sequentially to 
the CCQ)'s. 

54058 - CWDS Contact closure output (CCCi) control words, one 
54108 for each register. Each control word contains the 

word (bits 13-6) and the set channel (bits 5-0) for 

a particular output. 

C. start the test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
test (54108): depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Clear lockout and hit flip-flops using the probe; depress the Start button, 

D. Test runs continuously, printing out the following completion message on the 
ASR set after ten rims (one cycle). 

CC0-PRI TEST COMPLETE 

E. >Vhen an error occurs a message is printed out on the ASR set, and the test 
continues. The error message format is: 

CCQ)INT IS aa SHOULD BE bb 

where 

aa s interrupt^ which occurred (octal number) 
bb = Interrupt* which should have occurred 
(octal number) 



Iv'. storage 



Number of locations used: 20528 (54008 - 74518) 

CC0 vs. Interrupt Test Cable 

Drawing 775A054 shows the connections for the CC0vs. Interrupt Test Cable. 

Note: This test will not check Interrupts 0-17 (core location 1-20). 



The Interrupt numt)ers assigned ■equentlally, beginning with one, to the process in- 
terrupts used for the test. That is, the first process Interrupt tised Is one (01), the 

Becond Is two (02), etc. 
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27 




317 


PJP 


L*4 


396 


05715 


32 




347 


ENL 


SSO 


397 


05716 


37 




336 


STL 


INTR 


340 


05717 


24 




323 


JHP 


L*5 


341 


05720 


32 




340 


ENL 


TT 


342 


05721 


11 




257 


SUB 


ITABX 


343 


05722 


36 




337 


KJP 


CNVTA 


344 


05723 


37 




936 


STL 


INTR 


345 


05724 


32 




340 


ENL 


TT 


346 


05725 


11 




260 


SUB 


ITaH 


347 


05726 


36 




337 


MJP 


CNVTA 


390 


05727 


37 




335 


5.TL 


INTW 



DATE 4/27/65. TIME 2/31/11 P.H. p^QE 9 

PROJECT KG. 530053 PROGRahMeR J.S. PWRLIPPI TAPE NUMBER 512606 

351 05730 36 I 341 Rjp OTRCD 

352 05751 C7356 OCT FORMAT 

3 = 3 05732 24 277 JMP Zt!<TCK*l 

'^5733 073fl6 hRQ 

35734 06070 hRD 

05735 07363 »«»D 

05736 07372 HRD 

05737 06525 mRD 
C5740 06C71 ¥HC 
C5741 07000 HRp. 
05742 07344 uRC 
'5743 07424 kR: 
C5744 07236 M'ir 

^ G3745 CZS-iS .i V 

•f C5746 CT-UO ,-...D 

C5747 C7j ' ^KO 

05750 1C3CC sTD 

05751 CT:;3 i.RD 
C5752 CT3n K^D 

05753 or:. 12 tRD 

05754 07^52 whc 
057^5 0C522 s.-'C 
"''r?^ j73^r* hRi;. 
C?""?? a?2T<!? ^R3 
C"76C 070'^* Vfip 
D^" -1 3 6-,;'^ i«»r. 

u • - s ^ w , ■ f.r. ;, 

C 3 7 i i 7 .. -'. r. V, P r> 

05764 3'UCP fcnC 



CO 



DATE «/27/65. TIME 2/51/14 P.r. PAOE 10 

PROJECT NO. 5i0053 PROGRAMMER J.E. PHILLIPPI TAPE NUMBER 512606 

eUKG 6000 
RPT 55 
OCT 



4^ 
I 



354 


06000 


355 




356 06000 


00000 


06001 


00000 


06002 


00000 


06003 


00000 


06004 


00000 


06005 


00000 


06006 


00000 


06007 


00000 


06010 


00000 


06011 


00000 


06012 


00000 


06013 


00000 


06014 


00000 


06015 


00000 


06016 


00000 


06017 


00000 


06020 


00000 


06021 


00000 


06022 


00000 


06023 


00000 


06024 


oouoo 


06025 


00000 


06026 


00000 


06027 


00000 


06030 


00100 


06031 


00000 


06032 


00000 


06033 


00000 


06034 


00000 


06035 


00000 


06036 


00000 


06037 


00000 


06040 


00000 


06041 


00000 


06042 


00000 


06043 


00000 


06044 


00000 


06049 


00000 



I 
cn 



DATE 4/27/ 


'65, T 


IME 


2 - ? 1 


pf'Ojr.ZT NO. 


930053 


P9( 


3SRAMH 




!)6C46 




W If w y W' 




060^.7 




-^ -■. * r, ■ 

»# w W ^ 




a605C 




OOOJi. 




06051 




0D3C0 




::fD52 




odod: 




36353 




00300 




06054 




•^ J U U u 




36055 




yJ '■■* J 'J J 




36056 




oooy. 




56037 




ooc:;u 




06040 




3 C -T C 




06961 




" " ". 1 •" 




06062 




J' J C " ■'■ 




06063 




- W '. V . 




:6064 








06065 




- w - . J 




'?606£ 




0230: 


■«=-: 


06067 




-•03;" 


i t J 


:SS370 




^6C~ • 


icl 


:6371 




' * .". 7 -1 


3c^ 


:6D72 






3c3 


05073 




*:-'«'; ;. 


364 


3607W 




G-jc;. 


365 








365 


•j 6 1; 7 i 




C .■ C ■- .' 


365 


::-.-;■• 3 


Ca 


.'• T ' 


565 


3 1 ? " "•' 


31 


~ 


365 


061^" 


a? 


- ;. - V 


365 


261C1 


23 


1 ::•? 


36ft 








3 is 


u&i:." 




J . V -■ ^ 


S66 


06103 


04 


■: :'2 


l6A 


06104 


01 


3 OCl 


S66 


061GS 


05 


G 072 


366 


06106 


23 


1 1C2 


367 








367 


06107 




00000 


367 


06110 


Or 


072 


567 


06111 


01 


G 002 


367 


06112 


C5 


072 



p ," 



PAGE 11 



-:t --•?.= 

C ; 7 T ,» P 1^ E ♦ ^ 

- r T 

C T 

si- -ES'.; 
:Ci=i •.5L = -r? 

^ u rf ■_ * 4 I I 
: rs 54 

DC? TABLE-54 
feDR TgflPX 
CLj l-4, i 
ITS 53 

!>DR TBMPX 
DCR TABl.E-53 
EDR TEMPX 



DATE </27/65. TIME 2/31/2i? P.M. 

(•ROJECT NO. 530053 PROGRAMMER J.E. PHJILIPPI TAPE NUMBER 512606 



PAGE 12 



I 



367 


06113 


23 


1 107 


CLJ 


L-4. I 




370 








ITR 


52 




370 


06114 




00000 


» • • 






370 


06115 


06 


072 


SDR 


TEMPK 




370 


06116 


01 


003 


OCR 


TABLfc- 


■52 


370 


06117 


05 


072 


EOR 


TEMPX 




370 


06120 


23 


1 114 


CLJ 


L-4.1 




371 








ITR 


51 




371 


06121 




00000 


« • • 






371 


06122 


06 


072 


SDR 


TEMPX 




371 


06123 


01 


004 


DCR 


TA8LE- 


•51 


371 


06124 


05 


072 


EOR 


TEMPX 




371 


06125 


23 


1 121 


CLJ 


L-4.1 




372 








ITR 


50 




372 


06126 




00000 


• • • 






372 


06127 


06 


072 


SDR 


TEMPX 




372 


06130 


01 


003 


DCR 


TABLE- 


•50 


372 


06131 


05 


072 


bDR 


TEMPX 




372 


06132 


23 


1 126 


CLJ 


L-4.1 




373 








ITR 


49 




373 


06133 




00000 


• • • 






373 


06134 


06 


072 


SDR 


TEMPX 




373 


06135 


01 


006 


OCR 


TABLE- 


•49 


373 


06136 


05 


072 


EDR 


TEMPX 




373 


06137 


23 


1 133 


CLJ 


L-4,1 




374 








ITR 


48 




374 


06140 




00000 


• « • 






374 


06141 


06 


072 


SDR 


TEMPX 




374 


06142 


01 


007 


OCR 


TABLE- 


■4B 


374 


06143 


05 


072 


EOR 


TEMPX 




374 


06144 


23 


1 140 


CLJ 


L-4.1 




375 








ITR 


47 




375 


06145 




00000 


t • • 






375 


06146 


06 


072 


SOR 


TEMPX 




375 


06147 


01 


010 


OCR 


TA8LE- 


47 


375 


06150 


05 


072 


bOR 


TEMPX 




375 


06151 


23 


1 145 


CLJ 


L-4.1 




376 








ITR 


46 




376 


06152 




00000 


« • ■ 






376 


06153 


06 


072 


SI)'^ 


TEMPX 





DATE 4/27/69. TIHE 2/31/26 P.M. 

PROJECT NO. 9300SS PROQRaMHeR J.E. PHILLIPPI TAPE NUMBER 512606 



paoe 






376 


06154 


01 


Oil 


OCR 


TABLE-46 


376 


06155 


05 


072 


EDR 


TEMPX 


376 


06196 


23 


I 152 


CLJ 


L-4.I 


377 








!TR 


45 


377 


06157 




00000 


1 * • 




377 


06160 


06 


072 


SDR 


TEMPX 


377 


06161 


Bl 


012 


OCR 


TABLE-45 


377 


06162 


09 


072 


EOR 


TEMPX 


377 


06163 


23 


I 157 


CLJ 


L-4,I 


400 








ITR 


44 


400 


06164 




00000 


t • * 




400 


06169 


06 


072 


SDR 


TEMPX 


400 


06166 


01 


013 


DCR 


"ABLE-44 


400 


06167 


05 


072 


EDR 


Te««px 


4C0 


06170 


23 


1 164 


CLj 


L-4,I 


401 








ITR 


•«3 


401 


36171 




00300 


• It 




401 


36172 


06 


072 


SOR 


TEHPX 


*61 


06173 


01 


014 


CCR 


TiaLS-*! 


*Cil 


06174 


09 


072 


EDP) 


Tc'V'X 


431 


06179 


23 


1 171 


CLJ 


. - ♦ : I 


402 








ITR 


42 


402 


96176 




ooooc 


• If 




402 


36177 


Q6 


072 


s::p 


TEf'BX 


402 


16200 


01 


3 315 


^'CR 


TA3-.S-*-' 


*a£ 


0-^201. 


35 


•? •1-.' 


eu> 


T Rrt? ' 




!J-2-j2 


23 


1 174 


"1 


'• 1 i 


«C3 


0S2QS 




OOiiOO 


4 . T; 
fit 


' 


403 


•i6Zj4 


06 


C 07i 


JCs 


liX^X 


40 •« 


:6:i:? 


01 


oi: 


c:^ 


?..^"4i 


^Cj 


06296 


09 


072 


iZP. 


Ts^'vi; 


43^ 


G6207 


23 


1 203 


w'<w 


L-^ : ; 


4iH 








ITS 


♦ i 


404 


0621C 




ooocs 


4 1 • 




40^ 


06211 


06 


C72 


s::; 


T5:-,'»x 


4!;<i 


06212 


01 


C C17 


rCR 


' »r .fe-*0 


40* 


06213 


OS 


07? 


6jR 


•?i^t/ 


4i)' 


06214 


23 


1 210 


CuJ 


U - ^ : I 


4l}f 








ITS 


3^ 



DAT£ 4/27/65, TIME 2/31/29 P.H. 

PROJECT NO. 530053 PROGRaHMER J.E. PHILLIPPI TAPE NUHBER S12606 
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I 

00 



40!> 


06215 




00000 


• • • 






405 


06216 


06 


072 


i>DR 


TEMPX 




405 


06217 


01 


020 


OCR 


TABLE- 


■39 


405 


06220 


05 


072 


EOR 


TEMP* 




405 


06221 


23 


1 215 


CLJ 


L-4.1 




406 








ITR 


38 




406 


06222 




00000 


• t » 






406 


06223 


06 


072 


SDR 


TEMPX 




406 


06224 


01 


321 


DCR 


TABLE- 


■38 


406 


06225 


05 


'i72 


EDR 


TEMPX 




406 


06226 


23 


i 222 


CLJ 


L-4,1 




407 








ITR 


37 




407 


06227 




00600 


• • • 






407 


06230 


06 


072 


SDR 


TEMPX 




407 


06231 


01 


Q §22 


DCR 


TABLE- 


•37 


407 


06232 


05 


?r2 


EDP 


TFMPX 




407 


06233 


Z -'■" 


i .■: i -■ 


ClJ 


L-4,l 




410 








ITR 


36 




410 


06234 




00000 


t • t 






410 


06235 


06 


072 


SDR 


TEHPX 




410 


06236 


01 


023 


DCR 


TABLE- 


■36 


410 


06237 


05 


072 


EDR 


TEMPX 




410 


06240 


23 


1 234 


CLJ 


L-4.1 




411 








ITR 


35 




411 


06241 




ocooo 


• a ■ 






411 


06242 


06 


0/2 


SDR 


T6HPX 




411 


06243 


01 


024 


DCR 


TABLE- 


•35 


411 


06244 


05 


072 


EOR 


TEMPX 




411 


06245 


23 


1 241 


CLJ 


L-4,I 




412 








ITR 


34 




412 


06246 




38000 


• • • 






412 


06247 


06 


072 


SDR 


TEMPX 




412 


06250 


01 


025 


DCR 


TABLE- 


•34 


412 


06251 


05 


072 


EDR 


TEMPX 




412 


06252 


23 


1 246 


CLJ 


L-4.1 




413 








ITR 


33 




413 


06253 




00000 


• • • 






413 


06254 


06 


072 


SDR 


TEMPX 




413 


06255 


01 


026 


DCR 


TABLfe- 


■33 


413 


06256 


05 


072 


EDR 


TEMPX 





I 



«D 



DATE 4/27/ 


05. TIME 


2/31/33 


P.M. 




PROJECT NO, 


530053 


PROGRAMMER J 


.E. PHILLIPPI TAPE 


41.3 


06257 


23 


I 253 


CLJ 


L-4,l 


414 








ITR 


32 


41.4 


06260 




00000 






414 


06261 


06 


072 


SDR 


TEMPX 


414 


06262 


01 


027 


OCR 


TAaLE-32 


414 


06263 


05 


072 


EDR 


TSMPX 


«14 


06264 


23 


1 260 


CLJ 


L-4,I 


415 








ITR 


31 


415 


06265 




03000 






415 


06266 


06 


C 072 


SDR 


TEMPX 


415 


06267 


01 


030 


OCR 


TA8LB-31 


415 


06270 


05 


072 


EDR 


TEMPX 


415 


06271 


23 


1 265 


CLJ 


L-4,l 


416 








ITR 


30 


416 


06272 




00000 


■ t • 




416 


06273 


06 


072 


SDR 


TEMPX 


416 


06274 


01 


031 


OCR 


TABLE-SO 


416 


06275 


05 


072 


EDR 


TEMPX 


416 


06276 


•'3 


1 272 


CLJ 


L-4,l 


417 








ITR 


29 


417 


06277 




00000 






417 


06300 


06 


072 


SDR 


TEMPX 


417 


06301 


01 


032 


OCR 


TABLE-29 


417 


06302 


05 


072 


EDR 


TENPX 


417 


06303 


23 


1 277 


CLJ 


L-4,I 


420 








ITR 


28 


420 


06304 




00000 


• t » 




420 


06305 


06 


072 


SDR 


TEMPX 


420 


06306 


01 


033 


QCR 


TABLE-28 


420 


06307 


05 


072 


EDR 


TEMPX 


420 


06310 


23 


1 304 


CLJ 


L-4.I 


421 








ITR 


27 


421 


06311 




00000 


* 1 t 




421 


06312 


06 


072 


SDR 


TEMPX 


421 


06313 


01 


034 


DCR 


TABLE-27 


421 


06314 


05 


072 


EUR 


TEMPX 


421 


06315 


23 


1 311 


CLJ 


L-4.I 


422 








ITR 


26 


422 


06316 




00000 






422 


06317 


06 


072 


5DR 


TEMPI 
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DATE 4/27/65. TIME 2/31/37 P.M. 

PROJECT NO. 530053 PROGRAMMER j.e. PHILLIPPI TAPE NUMBER 512606 



PAGE 1 



I 
to 

o 



422 


06320 


01 


035 


OCR 


TA8LE- 


■26 


422 


06321 


05 


072 


EOR 


TEMPX 




422 


06322 


23 


1 316 


CLJ 


L-4,| 




423 








ITR 


25 




423 


06323 




00000 


• • • 






423 


06324 


06 


072 


SDR 


TEHPX 




423 


06325 


01 


036 


OCR 


TABLE- 


■25 


423 


06326 


05 


072 


EOR 


TEHPX 




423 


06327 


23 


1 323 


CLJ 


L-4.I 




424 








ITR 


24 




424 


06330 




00000 


It* 






424 


06331 


06 


072 


SOR 


TEMPX 




424 


06332 


01 


037 


OCR 


TABLE- 


■24 


424 


06333 


05 


072 


EOR 


TEMPX 




424 


06334 


23 


1 330 


CtJ 


L-4,I 




425 








ITR 


23 




425 


06335 




00000 


• • t 






425 


06336 


06 


072 


SDR 


TEMPX 




425 


06337 


01 


040 


OCR 


TABLE- 


23 


425 


06340 


05 


072 


EOR 


TEMPX 




425 


06341 


23 


1 335 


CLJ 


L-4,I 




426 








ITR 


22 




426 


06342 




00000 


ff ■ f 






426 


06343 


06 


072 


SOR 


TEMPX 




426 


06344 


01 


041 


OCR 


TABLE- 


■22 


426 


06345 


05 


072 


EOR 


TEMPX 




426 


06346 


23 


1 342 


CLJ 


L-4,l 




427 








ITR 


21 




427 


06347 




00000 


• • w 






427 


06350 


06 


072 


SOR 


TEMPX 




427 


06351 


01 


042 


OCR 


TABLE- 


21 


427 


06352 


05 


072 


EOR 


TEMPX 




427 


06353 


23 


1 347 


CLJ 


L-4,I 




430 








ITR 


20 




430 


06354 




00000 


« • • 






430 


06355 


06 


072 


SDR 


TEMPX 




430 


06356 


01 


043 


OCR 


TABLE- 


•20 


430 


06357 


05 


072 


EOR 


TEMPX 




430 


06360 


23 


1 354 


CLJ 


L-4.I 




431 








ITR 


19 





0AT6 4/27/65. TIME 2/31/41 P.M, 

P«OjeCT NO. 530053 PROGRAMMER J.E. PHILLIPPI TaPE NUMBER 512606 
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I 





06361 




00000 


• I • 








06362 


06 


072 


SDR 


TEMPX 






06363 


01 


044 


DCR 


TABLE- 


■19 




06364 


05 


072 


£DH 


TEMPX 






06365 


23 


1 361 


CLJ 


L-4,I 




432 








ITR 


18 




432 


06366 




00000 








432 


06367 


06 


072 


SDR 


T6MPX 




432 


06370 


01 


045 


OCR 


TABL6- 


■IB 


432 


06371 


05 


072 


EDR 


TEMPX 




♦32 


06372 


23 


1 366 


CLJ 


L-4,I 




433 








ITR 


17 




433 


0O373 




00000 


1 * • 








06374 


06 


072 


SDR 


TEMPX 






06375 


01 


046 


DCR 


TABLfc- 


■17 




0i376 


05 


072 


EDR 


TEMPX 






06377 


23 


1 373 


CLJ 


L-4, I 












ITR 


16 






D6400 




00000 


• ■ ■ 








06401 


06 


1 166 V 


SDR 


TEMPX 






06402 


01 


1 165 J 


OCR 


TABLE 


16 




06403 


05 


1 166 


EDR 


TEMPX 






06404 


23 


1 000 


CLJ 


L-4.i 












ITR 


15 






06405 




00000 


tit 








06406 


06 


1 166 


SDR 


TEMPX 






06407 


01 


1 164 J 


OCR 


TABLE- 


■15 




06410 


05 


1 166 


EDR 


TEMPX 






06411 


23 


1 005 


CLJ 


L-4. I 












ITR 


14 






06412 




00000 


1 t ■ 








06413 


06 


1 166 


SDR 


TEHPX 






06414 


01 


1 163 J 


DCR 


TABLE- 


14 




06415 


05 


1 166 


EDR 


TEMPX 






06416 


23 


1 012 


CLJ 


L-4, I 












ITR 


15 






06417 




00000 


■ 1 I 








06420 


06 


1 166 


SDH 


7CMSX 






06421 


01 


I 162 J 


DCR 


T*BUf- 


t, ■' 




06422 


05 


1 166 


EUR 


r&MPx 





i 



DATE 4/27/65. TIME 


2/31/45 P 


H. 




P«DJECT NO. 


530053 


PROGRAMHER J.E 


PHILLIPPI TAPE 


437 


06423 


23 


1 017 


CLJ 


L-4. I 


440 








ITR 


12 


440 


06424 




00000 


« • • 




440 


06425 


06 


1 166 


SDR 


TEMPX 


440 


06426 


01 


1 161 J 


DCR 


TAai.c-:.^' 


440 


06427 


05 


1 166 


EUR 


TEMP* 


440 


06430 


23 


1 024 


CLJ 


L-4.I 


441 








ITR 


11 


441 


06431 




00000 


« ( • 




441 


06432 


06 


1 166 


SDR 


TEMP>< 


441 


06433 


01 


1 160 J 


DCR 


TABLE .: : 


441 


06434 


05 


1 166 


EOR 


TEMPX 


441 


06435 


23 


1 031 


CLJ 


L-4. 1 


442 








ITR 


10 


442 


06436 




00000 


► . • 




442 


06437 


06 


1 166 


SDR 


TEMPX 


442 


06440 


01 


1 157 J 


DCR 


TABLE-IC 


442 


06441 


05 


1 166 


EOR 


TEHPX 


442 


06442 


23 


1 036 


CLJ 


L-4, I 


443 








ITR 


9 


443 


06443 




00000 


• 1 < 




443 


06444 


06 


1 166 


SDR 


TEMPX 


443 


06445 


01 


1 156 w 


DCR 


T»3Lfc-9 


443 


06446 


05 


1 166 


EDR 


TEMPX 


443 


06447 


23 


1 043 


CLJ 


L-4, I 


444 








ITR 


e 


444 


06450 




00000 


• • » 




444 


06451 


06 


1 166 


SDR 


TEMPX 


444 


06452 


01 


1 155 J 


DCR 


TA8Lfc-S 


444 


06453 


05 


i 166 


EOR 


TEMPX 


444 


06454 


23 


1 050 


CLJ 


L-4. I 


445 








ITR 


7 


445 


06455 




00000 


• • 1 




445 


06456 


06 


1 166 


SDR 


TEMPX 


445 


06457 


01 


1 154 J 


DCR 


TABLE-7 


445 


06460 


05 


1 166 


EOR 


TEMPX 


445 


06461 


23 


I ©;>'> 


CLJ 


L-4. I 


446 








ITR 


o 


446 


06462 




ooouo 


• < • 




446 


06463 


06 


1 lo6 


SDR 


tMPX 



Pace lb 



I 

CO 



ATE 4/27/ 


65. TIME 


2 / i 1 / 4 <5 


ROJECT NO. 


530053 


PROGRAMHgR 


446 


06464 


01 


1 153 


J 


446 


06465 


05 


5 166 




446 


06466 


23 


1 062 




447 










447 


06467 




00000 




447 


06470 


06 


1 166 




447 


06471 


01 


1 i'y? 


J 


447 


06472 


05 


1 166 




447 


06473 


23 


I OoV 




4501 










450 


06474 




00000 




450 


06475 


06 


1 166 




450 


06476 


01 


1 151 


J 


450 


06477 


05 


1 166 




450 


06500 


23 


1 074 




451 










451. 


065U1 




00000 




451 


06502 


06 


1 166 




451 


06503 


01 


1 150 


J 


451 


06504 


05 


1 166 




451 


06505 


23 


1 101 




452 










452 


06506 




ooooa 




452 


06507 


06 


1 166 




452 


06510 


01 


1 147 


J 


452 


06511 


05 


1 166 




452 


06512 


23 


1 106 




453 










453 


06513 




00000 




453 


96514 


06 


1 166 




455 


06515 


01 


1 146 


J 


45 S 


06516 


05 


1 166 




453 


06517 


23 


1 113 




454 










454 


06520 




00000 




454 


06521 


06 


1 166 




454 


0bj22 


01 


1 145 


J 


454 


06523 


05 


1 166 




454 


06524 


23 


1 120 





■ ■"• PAL-r ! 9 

J.E. PHILLIPl'i TAPE NUMBER 512606 



LASTAD 



PHILLIPl'; TAPE NUMBER 


DCR 


TABLE-6 


EDR 


T6MPX 


CLJ 


L-4. I 


IT« 


5 


• • • 

SDR 


TEMPX 


DCR 


TABL6-5 


tUR 


TEMPX 


CLJ 


L-"i.i 


ITR 


4 


• ■ • 

SOR 


TEMPX 


UCR 


TABLE-4 


EDR 


TEMPX 


CLJ 


L-4.1 


ITR 


3 


• t t 

SDR 


TEMPX 


DCR 


TABLE-S 


EDR 


TEMPX 


CLJ 


1-4.1 


IT • 


2 


SDR 


TEMPX 


DCR 


TABLE-2 


EDR 


TEMPX 


CLJ 


L-4.1 


ITR 


1 


SON 


TEMPX 


DCR 


TABLE-l 


EDR 


TEMPX 


CL.i 


L-4,l 


D ITR 





SDR 


TEMPX 


OCR 


T*BLE-0 


EDR 


TEH»X 


CL^ 


L-4. 1 



•ATE <'27/65. TIME 2/31/53 P.H. 

fROJECT NO. 530053 PROGR*H«E» J.E. PHILLIPPI TAPE NUMBER 512606 



PAGE 20 



I 

to 



455 










EJE 




456 


06525 




00000 


CNVTA 


• • • 




457 


06526 


37 


1 144 


J 


STL 


SAVE 


460 


06527 


12 


143 


J 


8AND 


7) 


461 


06530 


37 


1 142 


J 


STL 


TEMP 


462 


06531 


32 


1 144 




ENL 


SAVE 


463 


06532 


12 


141 


J 


BAND 


70) 


464 


06533 


14 


1 140 


J 


LSH 


ACC 


465 


06534 


14 


1 140 




LSM 


ACC 


466 


06535 


14 


1 140 




USM 


ACC 


467 


06536 


10 


1 142 




AOO 


TEMP 


470 


06537 
06540 
06541 
06542 
06543 
06544 
06545 
06546 
06547 
06550 
06551 
06552 
06553 
06554 
06555 
06556 
06557 
06560 
06561 
06562 
06563 
06564 
06565 
06566 


24 


1 125 
00101 
00070 
05655 
00007 
07354 
06067 
06066 
06065 
06064 
06063 
06062 
06061 
06060 
06057 
06056 
06053 
06054 
06053 
06052 
06051 
06050 
06047 
06072 




RTn 
MRD 
NHD 
«KD 
NUB 
mKO 
MHO 
MHD 
MRD 
WHO 
<mRD 
kiKD 
«RD 
mRd 
MRO 
MHD 
M«D 

MRO 
mRD 
mRQ 
MRU 

wrd 
kro 





DATE 4/27/65, 



TIME 2/31/57 P.M. 



PACE 21 



PROJECT MO. 530Q53 Pr.OGR*HM&R J.g. PHILLIPPI TAPE NUMBER 512506 



1 



471 

^7? 
47->i 
474 

475 
476 
4 77 
500 
501 
50.? 
50.3 
504 
505 
506 
507 
510 
511 
512 
513 
514 
515 
516 
517 
520 
521 
522 
523 
524 
525 
526 
527 
940 



07000 
07001 
0"T32 
07003 
07004 
07005 
07006 
07007 
07010 
07011 
07012 
07013 
07014 
07015 
07016 
07017 
07020 
07021 
07022 
07023 
07024 
07025 
37026 
07027 
07030 
07031 
07032 
07033 

07031 
07035 
07036 



32 
10 
37 
32 
37 
03 
32 
16 
27 
16 
16 
16 
16 
16 
16 
12 
11 
20 
10 
27 
32 
36 
32 
10 
16 
27 
02 
24 



07000 
OOOriO 
000 
342 
030 
000 
035 
036 
035 
036 
017 
341 
341 
341 
341 
341 
341 
341 
340 
000 
340 
Q'ii 
337 
037 
035 
342 
036 
004 
036 

a06 

00000 
00000 



80RG 7000 



OTRCD 



ENL OTRCD 

J ADD 1) 

STL OTRCD 
ENL OTRCD. I 
STL OTaDS 
SMB OTIND 
OTLOP ENL OTADS. I 
RSH OTINO 
PJP SECND 

J RSH ACC 

RSH ACC 
RSH ACC 
RSH ACC 
RSH ACC 
RSH ACC 

^SECND BAND 77) 
aSUB 77) 

ZJP OTRCD. I 
8ADD 77) 
PJP L*2 

V E*IL 0) 
RJP OTl 
ENL OTADS 
ADD 1» 

rsh orjNo 

PJP OTLOP-2 
C1B OTIND 
JHP OTLOP 

OTADS OCT 

OriND OCT 



PRINT ^ZZOHQ TERHif^ATED BY 77 CODE 



DATE 4/27/65. TIME 2/32/00 P.M. 

»ROjeCi NO. 530053 PROGRAMMER J.E. PHILLIPPI TAPE NUMBER 512606 



PAGE 22 



531 












tJE 




532 


07037 




00000 


OTl 


I • 1 




533 


07040 


10 





336 


J 


ADD 


TdL) 


534 


07041 


37 





061 




STL 


ADS 


535 


07042 


32 


1 


061 




ENL 


ADS. I 


536 


07043 


34 





noo 


OUT 


OUT 




537 


07044 


01 


1 


337 




OCR 


PC 


540 


07045 




00000 


ASRIN 


• • • 




541 


07046 


32 





061 




ENL 


AOS 


542 


07047 


20 





054 




ZJP 


IGNOKA 


543 


07050 


11 





335 


J 


8SUB 


TdL*l4) 


544 


07051 


20 





055 




ZJP 


LFD 


545 


07052 


32 





33/ 




ENL 


0) 


546 


07053 


37 





061 




STl 


AOS 


547 


07054 


23 


1 


037 




CLJ 


OTl. I 


550 


07055 


?^ 




045 


IGNQR4 


i CLJ 


ASRIN. I 


951 


07056 


32 





33- 


JL^D 


8ENL 


30500) 


552 


07057 


37 


9 


061 




STl 


AOS 


553 


07060 


23 





042 




CLJ 


0Ti»4 


554 


07061 




00000 


ADS 


OCT 





4^ 
I 



DATE 4/27/65. TIME 2/32/02 P.M. p^gg 2 

PROJECT NO. 530053 PROGRAMMER J.E. PHILLlPPI TAPE NUMBER 512606 

555 EJE 

556 COD VTd 1.8,5 

557 CDE MAC A .B . C , D . 6. T ,S , H 

560 COD l.A, 

561 COD l.B, 

562 COD l.C, 

563 COD l.D. 

564 COD l.Ei 

565 COD l.F, 

566 COD l.S. 

567 COD l.H, 

570 TER 

5''1 TBL 8CDE 2S0. 261. 262, 263, 264, 265. 266, 267 

^ 571 07062 33000 COD 1.260. 

^ 571 07063 33040 COD 1.261. 

to 571 0706' 33100 COD 1.262. 

-^ 571 07065 33140 COD 1.263, 

571 07366 33200 COD 1.2A4. 
571 07067 5Vi40 COD 1,265. 
571 070^0 53300 COD 1,266. 

571 07071 33340 COD 1.267, 

"2 acDE 270, 271, 336, 275, 215, 272,27*, 241 

572 07072 33«J0 COD 1.270, 
572 07073 33440 COD 1.271, 
572 07074 33700 COD 1.336, 
572 07073 33640 COD 1,275, 
572 07076 306*0 COD 1,215, 
572 07077 33500 COD 1,272, 
572 07100 33700 COD 1,276. 

572 07101 32040 COD 1,241, 

573 eCDE 253. 301. 302. 303(304, 305»S06, 307 
573 07102 32540 COD 1,253, 

573 07103 34040 COD 1,301. 

573 07104 34100 COD 1,302. 

573 07105 34140 COD 1,303, 

573 07106 34200 COD 1.304, 

57j 07107 34240 COD 1,305. 

573 07110 34300 COD 1.306. 

i>73 07111 34:54^ CQD 1.307. 

"< 8CDE 310,311,277,256,251,333.274,243 



DATE 



I 

00 



4/27/65. TIHE 2/32/06 P 


M ^ 




T NO. 


530053 


PROGRAMMER J.E 


PHILLIPPI TAPE NUMBER 512606 


574 


07112 


34400 


COD ] 


L.310. 


574 


07113 


34440 


COD i 


1.311. 


574 


0/114 


33740 


COO 3 


L.277. 


574 


07115 


32700 


COD ] 


L.256. 


574 


07116 


32440 


COD : 


L.251. 


574 


07117 


35540 


COO : 


L.S33. 


574 


07120 


33600 


coo : 


L.274. 


574 


07121 


32140 


COD : 


L.24S. 


575 






8CDE : 


i55. 312. 313*314. 919. 316.317. 920 


975 


07122 


32640 


COD ] 


L.255. 


575 


07123 


34500 


COD i 


L.312. 


575 


07124 


34540 


COO : 


L.313. 


575 


07125 


34600 


COD : 


L.314. 


575 


07126 


34640 


coo i 


L.315. 


575 


07127 


34700 


COD : 


L.316. 


575 


07130 


34740 


coo : 


L.317. 


575 


07131 


35000 


COD i 


L.320. 


576 






8CDE : 


121.322.337.144,252.339.273.900 


576 


07132 


35040 


COD 1 


L.S21. 


576 


07133 


35100 


COD : 


L.322. 


576 


07134 


35740 


COD ] 


L.337. 


576 


07135 


32200 


COD i 


L.244. 


576 


07136 


32500 


COD : 


L>252. 


576 


07137 


35640 


COD i 


L.335. 


576 


07140 


33540 


COD i 


L.273. 


576 


07141 


34000 


COD 1 


L.300. 


577 






8CDE : 


MO. 257. 323. 324, 329. 926. 327, 330 


577 


07142 


32000 


COO i 


L.240, 


577 


07143 


32740 


COD i 


L.257. 


577 


07144 


35140 


COD 1 


1.323. 


577 


07145 


35200 


COD : 


L.324. 


577 


07146 


35240 


COD ] 


L>325. 


577 


07147 


35300 


COD i 


L.326. 


577 


07150 


35340 


COO ] 


L.327. 


577 


07151 


35400 


COD ] 


L.330. 


600 






BCDE 331.332.245.254.250.246,334,212 


600 


07152 


35440 


COD i 


L.331. 


600 


07153 


35500 


COD : 


L.332. 


600 


07154 


3224U 


COD 1 


L.245. 


600 


07155 


32600 


COD ] 


L.254. 



Page 2« 



rf^ 



to 

CD 



DATE ^/Zltdb. TlrtE 2/^2/10 P.M, 

PROJECT NO. 530053 PKUGHAf 1t'^ J.fc. PHlLLlPPi TAPE MUHbtR 512606 



PaGF 25 



600 


07156 


3240r 


COD 1.250. 


600 


07157 


32300 


CUD 1.246. 


*ao 


07160 


55'. ■ ;■ 


COD 1.334, 


600 


07161 


3Q5i}0 


COD 1 ?li'. 



DATE 4/27/65, TIME 2/32/11 P.M. 

MOJECr NO, 530853 PROGR*MHER J.E. PHRLIPPI TAPE NUMBER 512606 



Page 



I 

CO 

o 



60i 












EJE 




602 














ROUTIN 


603 


07162 




00000 


ACHR 


• » • 




604 


07163 


37 





220 




STL 


DATA 


605 


07164 


32 





162 




ENL 


acmr 


606 


07165 


10 





342 




ADD 


I) 


607 


07166 


37 





162 




STL 


ACWR 


610 


07167 


32 


1 


162 




ENL 


ACMR. I 


«11 


07170 


37 





221 




STL 


REG 


«i2 


07171 


10 





333 


J 


ADD 


CMOS) 


413 


07172 


37 





222 




STL 


CMD 


«14 


07173 


32 


1 


222 




ENL 


CWD.I 


•15 


07174 


37 





223 




STL 


CHWD 


616 


07175 


32 





221 




ENL 


REG 


*17 


07176 


10 





332 


J 


ADO 


BUD 


•20 


07177 


37 





222 




STL 


CXD 


621 


072O0 


32 





331 


J 


ENL 


2) 


•22 


07201 


37 





224 




STL 


IfLG 


•23 


07202 


32 





220 




ENL 


DATA 


•24 


07203 


37 


1 


222 




STL 


CMD. I 


•25 


07204 


34 


1 


223 


OUTC 


OUT 


CHmD. I 


•26 


07205 


01 


1 


337 




OCR 


PC 


•27 


07206 




00000 


INTCCO ... 




•30 


07207 


32 





224 




ENL 


IFL6 


•31 


07210 


20 





224 




2JP 


STOP 


•32 


07211 


01 





224 




OCR 


ITLG 


•S3 


07212 


20 





216 




ZJP 


L*5 


•34 


07213 


01 





223 




OCR 


CHMO 


•35 


07214 


32 


1 


222 




ENL 


C*40.1 


•3^ 


07215 


13 





330 


J 


OE UR 


37777> 


•37 


07216 


23 





203 




CLJ 


OUTC 


•40 


07217 


23 


1 


162 




CLJ 


ACWR. I 


•41 


07220 




00000 


DATA 


OCT 




•42 


07221 




ooooo 


REG 


OCT 




•43 


07222 




00000 


CHO 


OCT 




•44 


07223 




ooooo 


CHMO 


OCT 




•4» 


07224 




ooooo 


IFL6 


OCT 




••• 


07225 


00 





077 


STOP 


8STP 


77 


•47 










Bur 


RPT 


a 


•90 


07226 




ooooo 




OCT 





routine TO SIMULATE ACM MITHQUT EXECUTIVES. 



DATE 4/27/65. TIME 2/32/15 P.M. p^Qg j^ 

P«0JECT NO. 530053 PROGRAMME^ J.E. PhILLIPPI T»PE NUMBfH 51260* 



4^ 
1 

CO 



07227 00000 

07230 00000 

Q7231 00000 

07232 aoooo 

07233 00000 

07234 00000 

07235 00000 



DAlfe '/27/65, TIME 2/ii/\t P.H. p^jig 29 

WtOJCCT i'O. 5^0053 PROGRaHMER J.E. PMlLLIfPl TAPE NUMBER 512606 

651 bJE 

*52 ROUTINES FOR S80 AND SgZ MIThOUT EXECUTIVES, 

653 07236 00000 SBO 

654 07237 32 330 ENL -) 

655 07240 37 305 STL MASK 

656 07241 32 236 ENL SdO 

657 07242 24 246 JMP SBZ*4 

660 07243 00000 SBZ 

661 07244 32 337 ENL 0) 

662 07245 37 30^ STL MASK 

663 07246 32 24o fcNL SBZ 

664 07247 10 342 ADD D 

665 07250 37 243 STL SaZ 

666 07251 32 1 243 ENL SBZ. I 

667 0/252 12 327 J BAND 17) 

670 07253 37 306 STl BIT 

671 07254 32 1 243 ENL SaZ.I 

672 07255 16 I 341 RSH ACC 

673 07256 16 1 341 HSH ACC 

674 07257 16 1 341 RSH ACC 

675 07260 16 1 341 RSH ACC 

^ 676 07261 37 277 STL ACMC*1 

I 677 07262 lO 332 ADD 8UF) 

" 700 07263 37 307 STl INIT 

701 07264 32 306 ENL BIT 

702 07265 10 326 4 ADD MAST) 

703 07266 37 306 STL BIT 

704 07267 32 1 306 ENL BIT. I 

705 07270 37 306 STL BIT 

706 07271 32 305 ENL MASK 

707 07272 27 300 PJP SBZX 

710 07273 13 306 EOR BIT 

711 07274 12 1 307 AND INIT, I 

712 07275 13 306 EOR BIT 

713 07276 36 162 ACWC RJP ACMR 

714 07277 00000 OCT 

715 07300 24 1 243 MTN 

716 07301 32 330 SBZX ENl -) 

717 07302 13 306 EOR BIT 
720 07303 12 1 307 AND INIT. I 



DATE 4/?7'fc5. TIMf 2/32/?.; P . ^^ , p^QE 

PHOjeCT NO, 530053 PROGRAHMER j.E. PHiLLIPPI TAPE NUMBER 512606 

JHP ACkC 
OCT 
OCT 
OCT 

OCT 1.2. 4. 10<20>40. 100. 20 0.400*1000* 2000*4 OOOdOOOO. 20000 



I 

M 
00 



721 


07304 


24 275 




722 


07305 


00000 


«ASK 


723 


07306 


00000 


BIT 


724 


07307 


00000 


INIT 


725 


07310 


00001 


MAST 




07311 


00002 






07312 


00004 






C7313 


00010 






07314 


00020 






07315 


00040 






07316 


00100 






07317 


00200 






07320 


00400 






07321 


01000 






07322 


02000 






07323 


04000 






07324 


10000 






07325 


20000 




726 










07326 


07310 






07327 


00017 






07330 


37777 






07331 


00002 






07332 


07226 






07333 


05405 






07334 


30500 






07335 


07076 






07336 


07062 






07337 


00000 






07340 


00077 






07341 


00101 






07342 


00001 





GEN 
WRD 
nHD 
NNO 
MHD 
tiRD 
MHD 
MKO 
MRD 

NRD 

mhd 

kiHD 
NMD 



DAFt «/?7/6^, 



TIME 2/3^/.r- r- , ~ 



PAGE 3 



PROJECT NO. 530053 PBOGRAHMgH 



PHlLLIH^I TAPE NUMBER 512606 



I 



727 


07343 


00000 


CTk 


OCT 




730 


07344 


00000 


f"L'G 


prT 




731 


07345 


00000 


INDexx 


OCT 




73? 


07346 


00000 


ssx 


OCT 




733 


0/347 


00000 


sso 


OCT 





734 


07350 


00001 


SSI 


OCT 


1 


735 


07351 


00002 


SS2 


OCT 


2 


736 


07352 


00015 


SS15 


OCT 


15 


737 


07353 


00017 


SS17 


OCT 


17 


740 


07354 


00000 


SAVE 


OCT 




741 


07355 


00000 


LAST 


OCT 




742 


07356 
07357 
07360 
07361 
07362 


02323 
04631 
04563 
06031 
06260 


FORMAT 


BCD 


05CCOINT IS 


743 


07363 


00000 


INTM 


OCT 




744 


07364 


06060 




OCT 


6060 


745 


07365 
07366 
07367 
07370 
07371 


06230 
04664 
04324 

06022 
02560 




BCD 


05SHOULO BE 


746 


07372 
07373 


00000 
01477 


INTR 


OCT 


.1477 


747 


07374 
07375 
07376 
07377 
07400 
07401 
07402 
07403 
07404 
07405 
07406 


02323 
04640 
04751 
03160 
06325 
06263 
06023 
04644 
04743 
02563 
02560 


COMPLT 


BCD 


IICCO-PRI T 


750 


07407 


01477 




OCT 


1477 



riRST CONTACT 



DATE ^/2TJb^, TIME 2/32/?b P.H p^^^ j^ 

PROJECT NO. 530053 PROGRaHMeR J.E. PHlLLIPPl TAPE NUMBER 512606 

751 EJE 

752 07410 00000 ICRCOn ,., 

753 07411 32 1 051 V ENL CONTaT 

754 07412 10 1 050 4 ADD SSl 

755 07413 37 i 051 STL COnTAT 

756 07414 12 1 047 j AND SSl7 

757 07415 11 1 046 j suB SSl5 

760 07416 27 017 pjp ICPWRD 

761 07417 24 1 010 HTn 

762 07420 32 1 045 vICRWRQ ENL SS2 

763 07421 10 1 051 ADD CONTAT 

764 07422 37 i 051 5Tl CONTaT 
^ 765 07423 24 1 010 HTN 

•f^ 766 07424 00000 ERR2 

CO 767 07425 32 1 044 j EN^ TT 

^ 770 07426 11 1 043 j SUB ITaBK 

771 07427 36 1 042 4 HJP CNvTa 

772 07430 37 1 041 J STL INT., 

773 07431 32 1 040 j ENL SSO 

774 07432 37 1 037 7 sTl INTR 

775 07433 36 1 036 J RjP OTRCJ 

776 07434 07356 OCT FORMAT 

777 07435 24 1 024 RTn 

07436 07000 hRD 

07437 G7372 WRD 

07440 07347 wKD 

07441 07363 nRD 

07442 06525 uRD 

07443 05657 wHD 

07444 06071 WRL 

07445 07351 NHD 
0/446 07352 WRD 
07447 07353 WR& 

07450 07350 WRD 

07451 05656 UPD 
lOQf 00000 fcND 



I 

CO 



BAlf 4/27/65, TIME 2/J2/31 P.M. PACE 32 

PROJECT NO. 530053 PROGRAMMER J.E, PHILLJPPI TAPE NUMBER 512606 

STARTED 4/27/65. 2/30/00 P.M. 
COMPLETED 4/27/65. 2/32/31 P.M. 
NUMBER OP INPUT RECORDS Sl2. 
NUMBER OP OUTPUT RECORDS 1046. 
NUMBER OP BINARY RECORDS 925. 



P-50 CCI TEST WITHOUT CABLES D37A 

I. Purpose of Test 

To perform a simple "go-no go" test on the multiplexed and/or non- multiplexed 
contact closure input registers. 

II. Description of Test 

The program will test up to fourteen multiplexed CCI registers and up to fourteen 
non- multiplexed CCI registers per run. 

Non- multiplexed CCI registers are tested if NC^NMUL is not zero; multiplexed CCI 
registers are tested if MLTPLX is not zero. (NC^NMUL and MLTPLX are input 
parameters.) 

When a register is read, if the contents are zero, the test contmues. If the con- 
tents are nonzero, the bit pattern output to select the register (multiplexed) or the 
input channel (non- multiplexed) and the reading are printed in binary; the test con- 
tinued. 

III. Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the .Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (76028, 176028. 276028. or 376028); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S- Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depres.s 
the Start button. 

4. Repeat steps 2 and 3 until all parameters needed ha e been entered. 
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Location 



200c 



201i 



202g 
203g 



216 
217 



2208 
2218 

2348 
2358 

2658 
2708 



ut CCI input 
request interrupt 

ji CCI cycle com- 
plete interrupt 

jf logger 
interrupt 

3358 



Parameter 
-N^NMUL- 
-MLTPLX- 



One*blt 
set 



Input 
Channel 



_340XX 
_300XX. 

24276g 

242718 

24734g 
. 340XX 



Description 

Number of non- multiplexed CCI regis- 
ters to be tested (0-14io). 
Number of multiplexed CCI registers 
to be tested (0-14io). 
Bit to output to select register 16g 
Bit to output to select register 15g 



Bit to output to select register 28 
Bit to output to select register Ig 

Input channel, non- multiplexed register 

168 

Input channel, non- multiplexed register 

158 



Inpnt channel, non- multiplexed register 
2 
.Input channel, non- multiplexed register 
1 

.XX is multiplexed CCI address select 
channel 
XX is multiplexed CCI input channel 

Transfer for multiplexed CCI input 
request interrupt 

Transfer for multiplexed CCI cycle 
complete interrupt 

Transfer for ASR or Selectric com- 
pletion interrupt 
XX is ASR or Selectric output channel 



(Load following only if Selectric logger is used; do not load if 
ASR set is used for printout.) 

Location Parameter Description 

3378 374108 Selectric code for "1" 

3408 054008 Used to get code for "0" 

3418 OOllOg Selectric code for space 

3428 OOOSOg Selectric code for carriage return 

3438 OOllOg Selectric code for space 
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C. start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(237g); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button, 

4. Depress the Start button. 

D. The test runs continuously. When a register is read and the contents are not 
zero, the following printout occurs: 

xxxxxxxxxxxxxx yyyyyyyyyyyyyy 

where x...x is the bit pattern output (for a multiplexed CCI register) or x...x 
is the input channel (for a non- multiplexed CCI register) and y...y is the regis- 
ter contents. 

IV. Storage 

Number of locations used: ISlg (2008-360g) 
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P-50 «UL'. IPtfcxtD AND KON-MOLTIPLfcieO CCI TfeST ^ITHOVT CABLES 



I 



1 
S 

t> 
6 
7 
10 
11 
12 
li 
14 



15 
16 
17 
2U 
21 
22 
23 
24 



IfO^OO 



00201 



U0<:0? 
U0<^03 
00^04 

00206 
U0<:07 
00210 
00211 
00212 
00213 
U0214 
OUiflS 
00216 
U0217 



00220 
00221 
00222 
00223 
U0224 
00225 
00226 
U0227 



Oil?00 
oaooo 

OQOOO 



00000 
OQOOO 

ooooa 
ottooa 

DOOOB 
00800 
OQOOO 
00000 
00000 
00000 

oocoo 

00000 
00000 
00000 
00217 



ooooo 

•0000 

ooooo 
ooooo 

OfOOO 

ooooo 

ooooo 
ooooo 



P-50 CCI TtST MITNOUT CAaLES P-50 DS7A 

TfcSTS MULTlPLfeXEC ANO/OH NON-HULT IPLEXED CCI 
BUMS 200 



fCOMHUL DfcC 



HLTPLX DEC 



MUimEM MOM-NU«.r|PLEXE0 CCI HEUISTERS TO BE TESTED 
UP TO 14 HON ilULTIPLEXEO REGISTERS PER RUN CAN BE 
TESTED 

NUNBER miLTIPLEXEO CCI Ht:G{STENS TO BE TESTED 
OP TO 14 nULTfPLEXEO R6GISTEHS PER RUN CAN BE TESTED 



HPT 14 
OCT 



WULTAB bTN fl 



THIS LOCATION CONTAINS THE BIT NUMBER OF THE 
FIRST MULTIPLEXED CCI MEGlSTEH TO BE READ. BIT 
NUMBERS FUR SUCCEEDING NULTtPUEXEO CCI REGISTERS 
ARE PLACED IN SEQUENT UtLY DESCENDING LOCATIONS. 
ALL NULTIPLEXED REGISTERS HUST BE ON THE SaHE CHANNEL 



MPT 14 
OCT 
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P-50 MULTIPLfcXED AND NON-MULTIPLEXED CCI TEST WITHOUT CABLES 

00230 00000 



en 
I 





00231 


00000 






00232 


00000 






U0233 


00000 






00234 


00000 






00235 


00000 




25 




00233 


NONTAB SYN 


26 








27 








30 








31 









L-1 THIS LOCATION CONTAINS THE INPUT CHANNEL NUHBEH OF THfe 
FIHST NON-MULTIPLEXED CCI HE6ISTEH TO BE TESTED. 
CHANNEL NUHBEKS FOR SUCCEEDING NON-MULT IPLEXEO 
CCI REGISTERS ARE PLACED IN SEQUENTIALLY DESCENDING 
LOCATIONS. 
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P-50 HULTlPLfcKED AND NON-mULT IPlEXED CCI TEST MITMOUT CABLES 

32 fcJE 
33 

34 (itiilb A2 23b INSI ENL NONTAB 

35 00i!37 30 000 BlKINT INT ♦• 
36 

37 00i:40 32 200 NONSTR ENl NOnmUL NON-MULT IPlEXED STaBT LOCaTiON 

40 00241 ■^0 256 iJP MULSTR 

41 00242 37 353 STL NONCNT 

42 00243 32 235 RESTRl ENL NONTAB 

43 U0244 01 243 UCR L-1 

44 00245 37 356 STl PRTLUC 

45 U0246 10 237 ADD BLKINT 

46 00247 37 250 STL L*l 

47 00250 30 000 INT •• •• IS NON-MULTIPLEXED INPUT CHANNEL 

50 00251 do 252 UP H 

51 00252 36 303 RJP PRINT 

52 00253 01 353 N DCR NONCNT 

53 00254 27 242 PJP RESTNl 

54 00255 32 236 ENL INSI 

55 U0256 37 243 STL RESTKl 
56 



I 
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p-50 multiplEtxed and non-multiplexed cci test without cables 



1 
-J 



57 

60 

61 

62 

63 

64 

65 

66 

67 

70 

71 

72 

73 

74 

75 

76 

77 

100 

101 

102 

103 

104 

105 

106 



00257 
00260 
00261 

U0262 
b0263 
U0264 
UQ265 
U0266 
U0267 
U0270 

0Q?7l 
00272 
00273 
00274 
OOi'75 
00276 
00277 
00300 
OUOOl 
UU302 



42 
20 
i7 

01 
i7 
S4 
23 

01 

30 

24 

37 
20 
36 
01 
27 
32 
37 
24 
32 



201 
237 
354 
217 
262 
356 
000 
266 
000 
000 

265 
355 
274 
303 
354 
261 
302 
262 
237 
217 



fcJE 



BEGINNING or MULTIPLEXED CCI TEST, 



HULSTR ENL HLTPLX 
^JP NONSTH 
STL MLTCNT 

>«ESTR2 ENL HULTAB 
OCR L-1 
bTL PRTLUC 
UUT •• 

INWATE CLJ L*l 
DCR PC 

OUTINT INT m* 



STAHT OF tlULTIPLEX TEST 



• • 



• • 



IS MULTIPLEX ADDRESS SELECT CHANNEL 



IS MULTIPLEXED INPUT CHANNEL NUHbEK 



JMP INWaTE 

ININT STL PRTLUC-1 

UP H 

HJP PRINT 

M DCR MLTCNT 

PJP R6STK2 

ENL HS2 

STL R6STK2 

^HP NONSTK 

INS2 ENL HULTAB 



OUTINT IS ADDRESS COMPLETE INTERRUPT ENTRY 
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P-50 MULTIf^LfcXtD AND NON-MULT IPlEXED CCI TEST WITHOUT CABLES 



en 
I 

00 



107 












fcJE 




110 














P^^INT SUI 


111 


UQ303 




00000 


PRINT 


• • 1 




112 


00304 


37 





3bt> 




bTL 


PRTLUC-1 


113 


00305 


32 





344 




bNU 


^*^0 


114 


00306 


37 





357 




i>TL 


CNTl 


115 


0U307 


32 





34t> 




ENL 


1N2 


116 


00310 


37 





3l4 




bTu 


R2 


117 


00511 


32 





346 


L2 


ENL 


FORTEN 


120 


00312 


37 





360 




STL 


CNT2 


121 


00313 


32 





337 


Ul 


ENL 


ONECHR 


122 


00314 


14 





356 


R2 


LiH 


PRTLUC 


123 


00315 


25 





316 




CJP 


L*2 


124 


U0316 


11 





340 




SUB 


FORTY 


125 


U0317 


36 





334 




HJP 


OUT 


126 


U0320 


01 





360 




OCR 


CNT2 


127 


00321 


27 





312 




PJP 


LI 


130 


003^22 


01 





314 




OCR 


R2 


131 


00323 


32 





343 




ENL 


SPACt 


132 


U0324 


36 





334 




HJP 


OUT 


133 


00325 


01 





357 




OCR 


CNTl 


134 


00326 


27 





310 




PJP 


L2 


135 


00327 


32 





342 




ENL 


CARHUE 


136 


00330 


36 





334 




HJP 


OUT 


137 


00331 


32 





341 




ENL 


LF 


140 


00332 


36 





334 




RJP 


OUT 


141 


U0333 


24 


1 


303 




KTN 




142 


00334 




00000 


OUT 


• • 1 




143 


00335 


34 





000 




OUT 


• • 


144 


00336 


24 





265 




JMP 


INWATE 


145 


00337 




13040 


ONECHR 


OCT 


13040 


146 


00340 




00040 


FORTY 


OCT 


40 


147 


00341 




10500 


LF 


OCT 


10500 


150 


00342 




10640 


CARRGE 


UCT 


10640 


151 


00343 




12000 


SPACE 


OCT 


12000 


152 


00344 




00002 


Two 


OCT 


2 


153 


00345 


14 





356 


IN2 


LSH 


PRTLOC 


154 


00346 




00016 


FORTEN 


DEC 


14 


155 






00353 


NQNCNT 


SYN 


L*4 


156 






00354 


HLTCNT 


SYN 


NONCNT*! 



ASR OR LOGGER CHANNEL NO. 

FOR SELECTRIC OUTPUT USE OCT 37410 
FOR SELECTRIC OUTPUT USE OCT 54Q0 
FOR SELECTRIC OUTPUT USfe OcT HO 
FOR SELECTRIC OUTPUT USE OCT 50 
FOR SELECTRIC OUTPUT USE OCT 110 



P-50 •■-i.^l'^L^ K- U kHO nOn~mUlTIPlEXED CZ} TEST t<ITh:.UT CABLES 

157 003S6 PRTUOC SYN HLTC»(T*2 

iftO g::^.? CNTi stN phtluc^i 

If> 00 36C CNTii STN CN^Ml 

162 CvjU fcND 



INTERRUPT TEST WITHOUT CABLES D38A 

I. Purpose of Test 

To perform a simple "go-nc go" test on one to sixteen interrupts, 

II. Description of Test 

Up to sixteen interrupts may be tebted by storing transfer commands in sixteen 
interrupt locations. 

The test prints the relative interrupt number in binary when an interrupt occurs. 
The printout format is "OOOOOOOOOXXXXX", where XXXXX is UOOOt - IOOOO2. 

Ill, Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader, 

1, Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (76028, 176028, 276028, or 37602^); depress the Start button. 

3, Put machine in RUN mode; depress the Master Clear button. 

4, Place the binary tape under the tape readei 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; dejire.^s the Mast(;r Ch-ar button. 

2. Using the probe, load the S-Register with the parameter location, 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button, 

4. Repeat steps 2 and 3 until all parameters needed have been entered. 

Description 

Transfer for 1st interrupt 
Transfer for 2nd interrupt 
Transfer for 3rd interrupt 
Transfer for 4th interrupt 
Transfer for 5th interrupt 
Transfer for 6th interrupt 
Transfer for 7th interrupt 
Transfer for 8th interrupt 
Transfer for Oih interrupt 
Transfer for 10th interrupt 
Transfer for 11th interrupt 
Transfer for 12th interrupt 
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Location 


Parameter 


of ist interrupt 


36 257 


01 2nd inter r'upt 


36 264 


of 3rd interrupt 


36 271 


of 4th interrupt 


36 276 


of 5th interrupt 


36 303 


of 6th interrupt 


36 310 


of 7th interrupt 


36 315 


of 8th interrupt 


36 322 


of 9th interrupt 


36 327 


of lOth interrupt 


36 334 


of 11th mterrupt 


36 341 


of 12th interrupt 


36 346 



Description 

Transfer for 13th interrupt 
Transfer for 14th interrupt 
Transfer for 15th interrupt 
Transfer for 16th interrupt 
Transfer for ASR or Selectric logger 
ASR or Selectric output channel 

(Load following only if Selectric logger is used; do not load if ASR set is 
used for printout.) 



Location 


Parameter 


of 13th interrupt 


36 353 


of 14th interrupt 


36 360 


of 15th interrupt 


36 365 


of 16th interrupt 


36 372 


of logger interrupt 


24 637 


2408 


34 OXX 



2448 


374108 


Output Code for "1" 


2458 


054008 


Output Code for "0" 


2468 


000508 


Output Code for carriage return 


2478 


001108 


Output Code for space 


2508 


OOllOs 


Output Code for space 



C. start the test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the test 
(2038); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. The test runs continuously, printing the relative number (I-I610) of any inter- 
rupt which occurs. 



IV. Storage 

Number of locations used: 



1778 (2008 - 3768) 
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P-50 INTERRUPT TEST MITMOUT CABLES 



03 
CO 



1 














P-50 INTERRUPT TEST WITHOUT CABLES p-sg 030* 


2 
3 






00200 




80Ka 


200 


4 


00200 




00000 


Save 


• • • 


THIS ROUTINE IS ENTERED WITH A NUMBER lOENTIFYING ThE 


5 














INTERRUPT IN THg ACCUMULATOR. THIS NUHBER IS P«INTfeD 


6 














ON EITHER ASR OR SELECTHIC TYPER. 


7 


00201 


01 





243 




DCR 


HARKER 


10 


U0202 


37 


1 


243 




STL 


MARKER, I 


11 


00203 


23 


1 


200 




CLj 


SAVE, I 


12 


00204 


32 





256 


^START 


ENL 


TABLE) 


13 


00209 


11 





243 




SUB 


MARKER 


14 


00206 


20 





23J 




iJP 


DONE 


15 


U0207 


32 


1 


243 




CN;. 


MAR-tc"*! I 


16 


00210 


27 





214 




PJ' 


FNT^Nc 


17 


00211 


32 





24J 




cNL 


MAWXf* 


20 


00212 


10 





255 


4 


AOO 


1) 


21 


00213 


37 





243 




iTL 


nk^Az" 


22 


00214 


22 





203 




3-J 


5T»^ - 


23 


00215 


37 





>35 


f SDjN? 


• sT, 


T _^ 


24 


00216 


03 


1 


t i 




sHb 


■i » ■, ( . ; 


?5 


00217 


32 





234 




-•>- 


1- 


26 


00220 


37 





377 




» 


V 


27 


00221 


32 





244 


LI 


= '•«. 


ON ::iR 


30 


00222 


14 





253 




LbH 


TAy-c 


31 


l;0223 


25 





224 




CjP 


L*2 


32 


00^24 


11 





245 




SU9 


ZERCH^ 


33 


00225 


36 





237 




KJP 


OUT 


34 


U0226 


01 





377 




OCR 


CNT 


35 


00227 


27 





220 




PJP 


LI 


36 


00230 


32 





246 




ENL 


CARR&E 


37 


U0231 


36 





237 




RJP 


OUT 


40 


00232 


32 





250 


- 


tNL 


Lr 


41 


00233 


36 





237 




RJP 


OUT 


42 


00234 


23 





234 


DONE 


CLJ 


L*l 


43 


00235 


32 





256 




ENL 


TABLE) 


44 


U0236 


22 





203 




SLJ 


START 


45 


U0237 




00000 


OUT 


t • • 




46 


U0240 


34 





000 




OUT 


♦• TYPER OUTPUT CHANNEL 


47 


00241 


23 





241 




CLJ 


L*l 


53 


00242 


01 





000 




OCR 


PC 
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51 


00243 


00253 


HARKER 


OCT 


TABLE 


52 


00244 


13040 


ONECHR 


OCT 


13040 


53 


00245 


00040 


ZERCHR 


OCT 


40 


54 


00246 


10640 


CARRGE 


OCT 


10640 


55 


00247 


12000 


SPACE 


OCT 


12000 


56 


00250 


10500 


LF 


OCT 


10500 


57 


U0251 


20000 




OCT 


20000 


60 


00252 


20000 




OCT 


20000 


61 


00253 


20000 


TABLE 


OCT 


20000 


62 




00377 


CNT 1 


BEQU 


377 


63 








SEN 






00254 


00016 




hRD 






00255 


00001 




MHO 






00256 


00253 




KRD 





FOR SELECTRIC OUTPUT USE OCT 37410 

FOR SELECTRIC OUTPUT UiiE OCT 5400 

FOR SELECTRIC OUTPUT USE OCT 50 

FOR SELECTRIC OUTPUT USE OCT 110 

FOR SELECTRIC OUTPUT USE OCT 110 



I 
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Oi 
I 
an 



64 

65 














66 


00257 




00000 


llNT 


I • • 




67 


00<;60 


32 


263 




ENL 


ONE 


70 


00261 


36 


200 




KJP 


SAVE 


71 


00262 


24 


1 257 




RTN 




72 

73 

74 


U0263 




00001 


ONE 


DEC 


1 














75 


00264 




00000 


2INT 


• • I 




76 


00265 


32 


270 




ENL 


TWO 


77 


00266 


36 


200 




RJP 


SAVE 


100 


00267 


24 


1 264 




ktn 




101 


00270 




00002 


TUG 


DEC 


2 


10 2 














103 














104 


00271 




00000 


3INT 


1 • • 




105 


00272 


32 


275 




ENL 


THREfc 


106 


00273 


36 


200 




KJP 


SAVE 


107 


00274 


24 


1 271 




RTN 




HO 


00275 




00003 


THREE 


DEC 


3 


111 














11.? 














113 


00276 




00000 


4INT 


• • • 




ll<» 


00277 


32 


302 




ENL 


FOUR 


115 


0030Q 


36 


200 




HJP 


SAVE 


116 


00301 


24 


1 276 




KTN 




117 


00302 




00004 


FOUR 


DEC 


4 


120 














121 














122 


00303 




00000 


5INT 


1 • f 




123 


00304 


32 


307 




ENL 


FIVE 


124 


00305 


36 


200 




RJP 


SAVE 


125 


00306 


24 


1 303 




KTN 




126 


00307 




00005 


FIVE 


DEC 


5 


127 














130 














131 


00310 




OOOOO 


6INT 


• • • 




13? 


00511 


32 


314 




ENL 


SIX 


15S 


00312 


36 


200 




KJP 


SAVE 



FIRST INTERRUPT SUBROUTINE 



INTERRUPT NUHBEft 

SECOND INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

THIRD INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FOURTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FIFTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

SIXTH INTERRUPT SUBROUTINE 
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C5 



134 


00313 


24 


1 310 




RTN 




135 


00314 




0*006 


SIX 


DEC 


6 


136 














137 














140 


00315 




otooo 


7INT 


• • • 




141 


00316 


32 


321 




ENL 


SEVEN 


142 


00317 


36 


200 




RJP 


SAVE 


143 


00320 


24 


1 315 




RTN 




144 


OOSZl 




00007 


SEVEN 


DEC 


7 


145 














146 














147 


00322 




OflOOO 


t|NT 


1 1 1 




150 


00323 


32 


326 




ENL 


EI6NT 


151 


00324 


36 


200 




RJP 


SAVE 


152 


00325 


24 


1 922 




RTN 




153 


00326 




oaoio 


EIGHT 


DEC 


B 


154 
155 














156 


00327 




otooo 


9|NT 


1 1 1 




157 


00330 


92 


933 




ENL 


NINE 


160 


00331 


36 


200 




RJP 


SAVE 


161 


00332 


24 


1 327 




RTN 




162 


00333 




OMll 


NINE 


DEC 


9 


163 














164 














165 


00334 




0«000 


lOINT 


• • ( 




166 


00335 


92 


340 




ENL 


TEN 


167 


00336 


36 


200 




RJP 


SAVE 


170 


00337 


24 


1 334 




RTN 




171 


00340 




pt0l2 


TEN 


DEC 


10 


172 














173 














174 


00341 




Otooo 


HINT 


« • t 




175 


00342 


92 


945 




ENL 


ELEVEN 


176 


00343 


36 


200 




RJP 


SAVE 


177 


00344 


24 


1 341 




RTN 




200 


00345 




00013 


ELEVEN 


DEC 


11 


201 














202 














203 


00346 




Otooo 


12INT 


• • I 





INTERRUPT NUHBER 

SEVENTH INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

EIGHTH INTERRUPT SUBROUTINE 



INTERRUPT NUMBER 

NINTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

TENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

ELEVENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

TWELFTH INTERRUPT SUBROUTINE 
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204 


00347 


32 


352 




ENL 


TWELVE 




205 


00350 


36 


200 




RJP 


SAVE 




206 


00351 


24 


1 346 




RTN 






207 


00352 




00014 


TWELVE 


DEC 


12 




210 
















211 
















212 


00353 




00000 


131NT 


• • t 






213 


00354 


32 


357 




ENL 


THRTEN 




^14 


00355 


36 


200 




RJP 


SAVE 




215 


00356 


24 


1 353 




RTN 






216 


00357 




00015 


THRTEN 


DEC 


13 




217 
















220 
















221 


00360 




00000 


14INT 


1 • 1 






222 


00361 


32 


364 




ENL 


FORTEN 




223 


00362 


36 


200 




RJP 


SAVE 


H-" 


224 


00363 


24 


1 360 




RTN 




1 


225 


00364 




00016 


rORTEN 


DEC 


14 


-d 


226 
227 
















230 


00365 




00000 


15INT 


• • • 






231 


00366 


32 


371 




ENL 


FJFT6N 




232 


00367 


36 


200 




RJP 


SAVE 




233 


00370 


24 


1 365 




RTN 






234 


00371 




00017 


FIFTEN 


DEC 


15 




235 
















236 
















237 


00372 




00000 


16INT 


i I 1 






240 


00373 


32 


376 




ENL 


SiXTEN 




241 


00374 


36 


200 




KJP 


SAVE 




242 


00375 


24 


1 372 




RTN 






243 


00376 




00020 


SIXTEN 


DEC 


16 




244 






00000 




END 





INTERRUPT NUMBER 

THIRTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FOURTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

FIFTEENTH INTERRUPT SUBROUTINE 

INTERRUPT NUMBER 

SIXTEENTH INTERRUPT SUBKOUTINE 

INTERRUPT NUMBER 



P-50 CC0 TEST WITHOUT CABLES D39A 

I. Purpose of Test 

To perform a simple "go-no go" test on one to sixty-three CC0 registers. 

II. Description of Test 

All contacts are set to one; then, the program delays one second, and all contacts 
are set to zero. After another delay of one second the cycle is repeated. 

Contacts are set to one by an output of 377778 on each multiplexer address with 
set channel. Contacts are set to zero by an output of 377778 on each multiplexer 
address with reset channel. Time delays are program loops. 

III. Description of Operation 

A. Read in the binary tape of the test using the bootstrapped binary loader. 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register with the starting location of the 
binary loader (76028, 176028, 276028, or 376028); depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Place the binary tape under the tape reader. 

5. Turn the reader on. 

6. Depress the Start button. 

B. Enter the test parameters 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the S-Register with the parameter location. 

3. Using the probe, load the X-Register with the parameter constant; depress 
the Start button. 

4. Repeat steps 2 and 3 until all parameters needed have been entered. 



Location 

of CC0 completion interrupt 

2008 



*" '0 



Parameter 
243118 

N 

Multi'^^lexer 
Addresses 



277-N+l 



Description 

Transfer for CC0 interrupt 

Number of CC0 registers is N (1-778) 

The multiplexer addresses for the 
CC0 registers to be tested start in 
location 2778 and are stored sequen- 
tially in descending locations. The 
lowest location is 2018. A multi- 
plexer address contains the set chan- 
nel in bits 0-5 and the word in bits 
6-11. The reset channel is assumed 
to be one less than the set channel. 
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C. start the Test 

1. Put machine in WRITE mode; depress the Master Clear button. 

2. Using the probe, load the X-Register wltit the starting location of the test 
(277g): depress the Start button. 

3. Put machine in RUN mode; depress the Master Clear button. 

4. Depress the Start button. 

D. The test runs continuously. 
IV. Storage 

Number of locations used: 161g (200g-3608) 
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I 

05 



1 




2 


00200 


3 00200 

4 


00000 


5 

6 00201 


00000 


U0202 


ouooo 


U0203 


00000 


U0204 


00000 


U0205 


00000 


U0206 


00000 


U0207 


00000 


00210 


ouooo 


00211 


ooc:o 


00212 


00000 


00213 


00000 


U0214 


00000 


00215 


00000 


00216 


OODOO 


U0217 


ouooo 


U0220 


ODOOO 


U0221 


00000 


00222 


00000 


00223 


00000 


U0224 


00000 


00225 


00000 


00226 


00000 


00227 


ouooo 


C0230 


OOOOf 


00231 


00000 


00232 


00000 


(i0233 


ouooo 


00<'34 


00000 


U0235 


ouooo 


U0236 


00000 


00237 


00000 


00240 


00000 


00241 


00000 


00242 


ouooo 


00^43 


00000 



p-50 ceo TEST WITHOUT CABLES p-50 D39A 

BOKG 200 
NUMREG OEC THE NUHBER OF COO REGISTERS TO BE TESTED IS 

STORED IN THIS LOCATION 
KHT 63 
OCT 
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-a 

I 





00244 


00000 




00245 


00000 




00246 


00000 




00247 


00000 




00250 


00000 




U0251 


00000 




U0252 


00000 




U0253 


00000 




00254 


00000 




00255 


00000 




U0256 


00000 




00257 


00000 




U0260 


00000 




00261 


00000 




00262 


00000 




U0263 


00000 




U0264 


00000 




U0265 


ouooo 




00266 


00000 




00267 


00000 




00270 


00000 




00271 


00000 




00272 


00000 




00273 


00000 




00274 


00000 




U0275 


00000 




00276 


00000 




00277 


00000 


7 




00277 


10 






11 






12 






13 






14 






15 






16 






17 






20 






21 







ADDR bVN L-1 



THIS IS THE BEGINNINU LOCATION FOK THE 

ceo REGISTER ADO>«ESSES. 

THE ADDKESS FOR THE FlHbT REGISTER IS STORED 

IN LOCATION ADDR. SUCCbEUING ADDRESSES ARE 

STORED SEQUENTIALLY IN DECREASING LOCATIONS, 

81TS 0-5 OF AN AUDRtSS CONTAIN THE SET CHANNEL 

HITS 6-11 OF AN ADDRESS CONTAIN THE WORD. 

UP TO 63 ADDRESSES MAY UE ENTERED. 

PARTS OF THE ADDRESS TABLE NOT BEING USED DO 

NOT HAVE TO BE CLEAHED, 



-J 
I 
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22 
23 
24 

25 
26 
27 
30 
31 

32 HQ600 62 3;>1 

33 00301 37 357 

34 U0302 32 3t>3 

35 00303 37 307 

36 00304 32 200 

37 00305 37 356 

40 U0306 32 350 

41 00307 34 1 277 

42 00310 il 310 

43 00311 Ol 000 

44 U0312 Ol 307 

45 U0313 Ol 356 

46 00314 27 306 

47 00315 i2 352 

50 U0316 Ol 101 

51 00317 24 317 

52 00320 24 320 

53 U0321 24 321 

54 00322 24 322 

55 00323 24 323 

56 U0324 24 324 

57 00325 27 3l5 

60 U0326 32 200 

61 00327 37 356 

62 U0330 32 J55 

63 00331 37 360 

64 U0332 Ol 357 

65 U0333 27 342 

66 00^34 32 1 36U 

67 U0335 lO 354 
70i 00336 37 1 360 
71 00037 01 360 



EJE 



FIELD ceo TEST 

THIS TEST SETS ALL CONTACT OUTPUTS \H SYSTgH TO 1, 

WAITS ONE SECOND. 

THEN SETS ALL CONTACT OUTPUTS TO iEKO AND RESTARTS 



START ENL Two 

i>TL RESET 

ILOP ENL OUT IT 
STl OTCOM 
ENL NJMRfcG 
!>TL H6GCNT 
ENL MINUS 

OTCOM OUT ADDRfl 
CLJ L*l 
OCR PC 

INTRPT UCR OTCOM 
OCR REGCNT 
PJP OTCOM 
cNL TIMCNT 

OCR OCR ACC 
JMP L*l 
JMP L*l 
JMP L^l 
JMP L*l 
JMP L*l 
jMp L*l 
yj^ OCR 
ENL NUMREG 
STL RtUCNT 
ENL tiEGAUH 
STL FIXAUR 
OCR RtSEl 
HJP CLEAR 

L0P2 fcNi. FIXAUH, I 

ADD C^E 
bTL FUADH.l 
OCR FiXAUrt 



INTERRUPT RETURN 

NEG AFTER LAST HEUISTEH IS OUTPUT 



ONE SECOND TIME DELAY 
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72 


00340 


01 


356 




OCR 


REGCNT 


73 


U0341 


27 


33i 




KJP 


L0P2 


74 


U0342 


24 


277 




JMP 


START 


75 


U0343 


01 


1 360 


CLEAR 


DCR 


FIXAOR. I 


76 


U0344 


01 


360 




OCR 


FIXAOR 


77 


U0345 


01 


356 




OCR 


REGCNT 


100 


00^46 


27 


342 




PJP 


L-3 


101 


00347 


24 


301 




JMP 


ILOP 


102 


00350 




37777 


MINUS 


OCT 


37777 


103 


U0351 




00002 


TMO 


OCT 


2 


104 


00352 




17777 


TIMCNT 


OCT 


17777 


105 


00353 


34 


1 277 


OUTIT 


OUT 


AODR.I 


106 


00354 




00001 


ONE 


OCT 


1 


107 


00355 




00277 


BE6ADR 


OCT 


AOOR 


110 














111 














112 














113 






00356 


REGCNT 


STN 


8EGAUR«1 


114 






00357 


RESET 


SYN 


RE6CNT«1 


115 






00360 


FIXAOR 


SYN 


RESET*1 


116 






00000 




tND 





I 
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I, Jniroductioj"! 

Tile prograuiiiicr ' r. consc>le prograias facilitate comip.uiiication with the, P-^O 
co!:iputer» The package provides a raeans of loading programs, executing 
procrams, loading con!;t'dnts or instructions, and duraping areas of main 
and, extended core memory, Coi*e locations may be dumped in binai'y on 
tapa or in oct,al on the keyboard. 

The proc-ruh./acr 'h console opera too iritliin the priority structure of 
the X5OF executive pystera for all of its functions, and its calling 
priority 1g cctablinhed for a particular syctcm when the executive 
Eyatem it; initialized, Note th.at this profjiYsrainer's console is Included 
vlth standard executive system X5OF only.. 

Before initlatlns a programmer's console fujiction, the ASR punch and 
render should be turned off, Tnen^ to cain the computer's Eittontlon, the 
Attention Interrupt Button is depressed. Trie attention interrupt will 
have any one of two or four effects depending upon the initialisiation 
of MPOOPl' -- the message v/riter option for the prograrmner'B console, 

a) If neither the progranirrier 's console nor the device program 

is currently running, the prograiMier's console programs 
vill bo put into the bidding state t 

b) If the programmer's console is not currently running but the 
device program is running, the flag PCFLG will be set and 
the programiAer 's console programs will be suspended, 

c) If the progrnmmmcr 's console, is currently running and the' 
device program is not running; the programmer's console 
programs will exit to TOPLOP and the ASR set will bo turned 
off, 

d) If the programmer's console is suspended and the device 
program is running, the flag PCFLG will be cleared and the 
programmer's console programs will be turned off, 

Vflien the pi'ogrrmmer 's console programs are permitted to run by the^ 
executive system, the ASR set will be turned on and input fran the 
ASR sot will be requested. Input consists of a two-letter mnemonic 
followed either by a space and up to four constants or by a return. If 
more than two letters precede the space (or tlie return), only the last 
two v;ill be considered. The resulting two-letter mnemonic is then 
compared to the defined mnemonics , If it is not fotuid equal to any, 
"ERR 1" will be printed and the programmer's console vrill exit to TOPLOP 
and the ASR set will be turned off. 

If the two-letter mnomoic is found equal to a defined mnemonic, a transfer 
to the proper program will be set up, and if a space followed the mnemonic 
code, any constants preceding the return will be input, Bie nimiber 
of constants will depend on the fujnction being initiated. Constants 
must be entcjcd in octal or decimal; a plus or minus sign at the begin- 
ning of a constant specifies it to be a decimal number; unsigned Integers are 
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coriSidcred to "bci in octal. ConBlt-.nt;? ftr« teirailnatod by a slasli (/) o:- 
■by t'. letunu Doclni-il and octal conniant!;; laay both appear on the t-.c.Vid 
litic-i of iirpuL, If u character ie input other than an octal or clei-jm=il 
coniEjtrurl "j?.;;l(u" .>'lll "be printed, and the -pi-og-CBumeir^s contiole will exit 
to TOPLOr und the ASK set wi] 1. ha turned off. 

If the correction character left x-*truntho.sls "(" is encountered,, eiLl 
dlfritB folloirlna the lact BlDKh or tliC- KpacLi are ignored. 

If rnoro thcui four conetantf) arc cntc-rcd V.tfore a rc^turn,, "ERil ?" vrlX'l 
be printed aud the programinor 'b conoolc programs will exit to TOPLO.'' 
and the ASK Ec^t will b& turned off. If iiore or Iobb conBtanto are 
Epocificd than are required by the function bein^ Initiated, "EiU< H" 
will alco be printed and the proGvaminor'n conBole will be turned off. 

When u rctivrn has been input to t})e proti'iiViinier 's console, the transfer 
to the requofjtcd proeraniwer's conr.ol-e prosr^iri Ic put into effect with 
the nuKbor of constants in the accuraulator (jicro vhen a return follov;:'d 
the iiinemonic code) and with the constantr, rtored in the order that they 
were Inpiit in Cj5m,, o,,, C0NU. A lino fcied may precede the return; this 
ch:;racter is alwiyi:! ignored on jnput, Witn the prograumier 'h console 
prc)cra)a cornplotes the activity reciuresied^ fuither conc-itants w-iy bo 
required. These ai-e entered in the earne manner nn the initial constanti.- 
that ic, in decimal or octal, aepftrated by elashes, and terminated with 
a return, 

IX, ri-ofU'cDTOrier 'b Conrjolc Progi-arafj 



ThiB profsratumvn" ' B conr^ole prtc];.ac(.' contains eleven defined funetionr. : 
Binary Lo:il, Binary Pujich from R-iin K>;raory, Binary Punch from Extendi-d 
Memory, Clicck Tape, Set Limits for Mnin Memory, Sot Limlta foi' Extended 
Metrory, Naiieric Load i?ito Main Meriiory, Kuinerlc Load into Extended Meracvry, 
Octal Dump from Main Memory, Octal Dump fraii Extended Memory, Run on 
Machine, Proviolon for more programs to fit Bpaclfic installations har. 
been made in that there Ig room for ten more mnemonics to be defined end 
ten more tranr.fer locations to be inserted , 

Ihe defined programmer's concole functions are described below. In input 
cxx;.nipleP, ^repreecnts space and /'^ represcntn return. 



A. Biliary Lord 



Mncriionic code: BL 

N-umiber on constants : zero 



V?hon this funchion is initiated, a binary tape in the standard P-JO 
binary forT.at will be loaded througii the prograinrnor ' s console tape reader 
into -main or extended core. The binary load fimetlon is controlled 
by control v;ords on the binary tape? so that no constants are input, ^Boe 
section on Binary Tips Format). 
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If any conctanis arc input, the raensage "EBR 2" will be printed and the 
prograramer ' con!5ole will be tui-ned off. If a character with even pfirity 
is dctectod on the binary taps, "ERE k" will be printed; if the chec];- 
Bum on the tr-po does not compare to the sum of the words on the taps, 
"ERR 5" will bo printed. If either of these errorG occurs, the ASH ect 
will be turned off following the printing of the appropriate message . 

B. Binary Punch 

1, Binary Punch from Main Memory 

Mnemonic code: BP 
Number on constants: 0, 1, 2 

2, Binary Punch from Extended Memory 

Mnemonic code: XP 

Number of constants: 0, 1, 2 

The nmemonic code determines whether main memory (BP) or extended memory 
(XP) will be referenced. Each is a separate function. 

Depending upon the nu)Tiber of constants which are input, a core area or 
core location, a transfer code, or a stop code will be punched in binary 
by the programmer's console punch. Two constants designate' a core area 
or location; one constant specifies a transfer code and the main memory 
transfer location, no constant results in a stop code. 

If two constants are input and the first is not lees than or equal to the 
second, "EEB 3" will be printed and the programmer's console will be 
turned off. 

When using this function with a high speed punch, the turning on and off 
of the punch' will be done via programming. 

When the punch on the ASR set is used, it must be turned on and off manually. 
Since input from the l^eyboea-d will be punched on tape if the punch is turned 
on, in addition to the binary output requested, the following procedure 

is recommended: 

1. Turn punch off. 

2. Depress Attention Interrupt p-atton, 

3. Type on keyboard: BPwXX/XXi oi XP«XX/XX^ 

k. Turn punch on-~leader will be piinched followed by requested area 
in binary. 

5. Turn punch off. 

6. lype on keyboard: {XK/'XKil (another area), or (XXtJ (transfer code) or 
(»i (stop code). Alvrays begin with the correction character "(", 

7. Turn punch on--leader will be punched followed by an area in binary, 
or a transfer code or stop code. 

8. Turn punch off and continue. 
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Examples: To obtain a binaay tn.jx: of a program currently located in 
main moinory locations 600a - l^jQ and of another program in location 
1012, Q - laUii^Q and to put a transfer to location blOg at the end oi" 
the tape;, the following should be executed: 

BPw600/723ii 

(+10l2/-hl2i|JfA 

(6.10.^ 

To obtain a binary tape contain^i tho contents of extended core locationc 
6OO0 - 7233 and 1012^Q - -^^^^So' ^"^^ teminnted with a stop codO; the 
lIowlnK Bhould be executed: 



folToA/lng 



C, Check Tm ■):-■> 



XPv>600/723;t 
(+1012/^-l2i^'^A 



Mnemonic code: CT 

Number of constants : zero 



A binary tape-; in the standard P-50 binary foimat wilJ be compared, word 
by v;ord, to the contents of the proper area of either main or extended 
core. Xf any discrepancies occur, the core location, the contents of the 
tape and the contents of core will be printed in the octal dump format. 
An "A" will precede an extended core address. Tiie process will continuo 
until the end of the tape. The tape will be parity checked and check- 
Biun cheeked at the same time. 

If any eonstantrj are input following the function code, "ERR 2" will be 
printed and the prog.rammer 's console will be turned off. If a parity 
error is detected, "ERR 5" will be printed, These errors both turn off 
the programmer 'f console progi'ams and the ASR set. 

Example : 

ct;i 

762 23200 32301 
1102 1 37777 

A 1j66 37Tr7 37775 
A20215 20001 20133 

The first word following the location is the contents of the tape; the 
second is the contents of core. 

When the programmer's console reader is used for this function rather 
than a higli speed reader, the printing of one discrepancy will alter the 
l/O sequence and further input will be incorrect, Qlius, this function 
should be used with the ASR reader only to verify that a tape has been 
punched correctly. 
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D. Set Limits 

1, Set Limits for Main Memory 



Mnemonic code: JM 
Niuuber or constants: 2 

2, Set Limits for Extended Memory- 
Mnemonic code: XM 
Number of constants: 2 

Wien either of the set limit functions is called for, two constants should 
be entered prior to the first return. TheGc constants define the core 
area or location usable by the numeric load functions. 

If the first or both constants are zero (O) the liraits are set to ?ero 
and the, entire core is protected. (The lim-|ts are initially sot to 
zero). If the fiipst constant is not less than or equal to the second 
constant, "EPR 3" will be printed and the programmer's console will be 
turned off. 

Examples ; 

To set limits in Main Memory, to the core area lOOOOg through lOlOOg, the 
following should be executed: 

LMJ.0000/l010pa 

To set limits in extended memory to orio location fOOOr,, the following 
should be executed: 

XMJTOOO/TOOOi 

E. Numeric Load 

1. Ntuneric Load into I/ain Memory 

Mnemonic code: KL 
Nimiber of constants: zero 

2. Numeric Load into Extended Memory 

Mnemonic code: XL 
Number of constants: zero 
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When either of the n;tuacrlc load funotionfe. is called for, no constants 
should be entered prior to the first return. Successive constants sepaD-atcd 
by returns designated the locationR to be modified and octal or decliiial 
data. Both functions are terriiinated by the right parenthesis ")". 

If an attempt is made to enter data without first specifying the beginning 
location, "EKR 3". will be printed and the programmer's console and ASR 
set will bo turned off. 

If an attempt is made to enter data into a location outside the core 
limits, "EKr{ 7" vill be printed and the programmer ',s console and ASR 
set vrill be turned off. 



Input: 


Location; 


Contents : 


NL^ or XL A 




Ca 


« 1022>. 






2k026il 


1022 


2i;026 


+17i 


1023 


00021 


+27,> 


102lt 


00033 


21,1 


1025 


00021 


33 ;i 


1026 


00033 


=+6ooa 






10073<1 


1130 


10073 


^ 


1131 




379(37073^ 


1132 


37073 



Comjnent : 



Calling Sequence for Main or Extended Memory Loading 
Origin in octal 

JMP instruction entered in octal 
Decimal Data 
Decimal Data 
Octal Data 
Octal Data 

New Origin in decimal 
ADD instruction entered in octal 
Do not change this location 
STL instnictlon entered in octal, 
correction character used 
Terminal character 



The correction character "(" may be used with this function. However, 
if an error occurs when typing the origin, note that the equals character 
which ^ras input is not ignored. 



Error : 

Correct: 
Incorrect; 



=10782 

=10782(10772 
=10782 (=10772 



F. Octal Dirnip 

1, Octal Dump from Main Memory 

Mnemonic code : 
Number of constants : 

2. Octal Dump fran Extended Memory 



^D 
1, 2 



Mnemonic code : XD 
Number of constants: 1, 2 
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Depending upon the mraber of constsuits vblch are specified, these programs 
will print the contents of a core area or a location in octal. If tvo 
co^staats am given; the contents of the cere area so defined will be 
output 8 vordf, per line vrlth the address of the first word at the beginning 
of each line. An "A" precedes the addre&s of the first word for extended 
core dumps. If one constant is specified, the address which was input 
and the contents of the location will be printed, A return alone (no 
constants) signifies the end of request. 

If two constants are specified and the first is not less than or cqu?.l 
to the second, "EBR 3" will be printed and the progremner 's console end 
ASR set will be turned off. 



Examples : 

On^H-21Q/+220il 

322 32015 ITOlif 27216 203T1 32015 27212 32OIU 

332 27216 20216 3 

I465 1012 1053 106!+ 33 1^ 62 

XD +503/-i-51^\'i 

A 767 20777 21031 1072 10100 10267 10777 

A .777 1777 3722J+ 2030 16553 

101+7 tl 

A 101+7 32602 

A 



16000 30010 



^' R^i" on Machine 

Mnemonic code; M 
Number of constants: 1 

This function transfers control to the location specified. If exactly 
one constant is not input, "ERR 2" will be printed and the progretmner ' B 
console and ASR set will be turned off, 

!Ihfc program thus initiated can be terminated manually depressing the attenti.ovj 
interrupt button or turned off by having it exit to EHT in the attention 
interrupt routine , Note that all references to the running sublevel In this 
program must be for the programmer's console sublevel. 



III, Key to Error Printouts 



EPR 1 


Mnemonic error 


ERR 2 


Constant error 


ERR 3 


Format error 


ERR U- 


Rarity error 


ERR 5 


Checksum error 


ERR 6 


Illegal character 


ERR 7 


Out of limits 
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8 



JY. /^yj 


:ilfIIl,.,'^!^...^^^M£ 










BCD 


CVu' racier 


ASCII 

o6o 


BCL 


Cl'iaracter 


ASCII 




00 





""■ llO' 


•• 


055 




01 


1 


261 


kl 


J 


312 




02 


2 


262 


it 2 


K 


113 




03 


3 


063 


h3 


L 


3lh 




Ok 


It 


26U 


kk 


M 


115 




05 


5 


065 


i+5 


N 


116 




06 


6 


066 


k6 


^ 


317 




OT 


7 


. 26JL_ . 


k'L . 


P 


_J.20 




10 


8 


270 


50 


Q 


321 




11 


9 


07i 


51 


R 


322 




12 


t 


336 


52 


<— 


137 




13 


ri 


275 


53 


$ 


0)|.1| 




I'l 


Return 


^15 


5'^ 


* 


252 




15 


: 


072 


55 


1 


335 




l6 


>• 


276 


56 


* 


273 




IT 


1 

• 


0)41 


57 


._ ^J . 


300 




20 


H- 


053 


60 


Space 


iko' 




21 


A 


101 


61 


/ 


257 




22 


B 


102 


62 


S 


123 




23 


C 


303 


63 


T 


32U 




2!| 


D 


lOij 


6k 


U 


125 




25 


E 


305 


65 


V 


126 




26 


F 


306 


66 


w 


327 




2T 


G 


107 


61 


X 


330 




30 


H 


110 


70 


Y 


131 




31 


I 


311 


71 


Z 


132 




32 


? 


077 


72 


1^ 


2i*5 




33 


• 


056 


73 


> 


25it 




3ii 


) 


251 


Ik 


( 


050 




35 


c 


333 


75 


& 


2k6 




36 


< 


07U 


76 


\ 


13k 




37 


# 


2U3 


77 


Line Feed 


012 



^ • 2ii ' ^ r y I 'apo Format 

On a binary tape, one word consir.ts of three characters. Each character 
contains ejght levels; levels one through six contain data unless the 
word Is a control word. Each character is punched in odd parity and the 
parity bit when preset appears in the eight level. 

A Prodae 50 vrord in core coii tains ik bits; the correspondence between a 
core word and a word on the binary tape is as follows: 



Bits 12-13 
Bits 6-11 
Bits 0-5 



Ciiaracter 1, levels 1-2 
Character 2, levels 1-6 
Character 3; levels 1-6 
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- 9 - 

A :piinch in the scvonth level of the first character of a vord indicateb 
that the word is checksuro. 

Levels 3-4 of the f ii fit character of a word aro always zero; they are 
ignored . Levels 5-6 define a control word--the first word on a binary 
tape qikT the first vord following a checlssum are control words. 

Bie follovring descj'.lhes the differences among the conti'ol worda and 
their effect!.! vhen loaded throuiii-i the; 'binary loader: 

A, Load Main I?'--mory Word. Zeros in the fifth and sixth levels of the 
first charactei' of a control word define a load main memory word, 
Gnhsequent data will he stored directly into successive locations 
in main niotnory starting t^t the location specified by the data in 
character 1, levels 1-2, and characters ?. and 3> levels 1-6. 

B, Load Extefide<]. Jfemory Word. A zero in level six and a one in level 
five of the first character define- a load extended memory word. Sub- 
sequent data will be stored directly into eucceRsi\i> locations in 
extended core starting at the location specified by the data in 
character 1, levels 1-2, and characterK 2 and 3, levels 1-6, 

C. Transfer Control V/ord. A one punched in level b3x and a zero in level 
five of the fJrst character of a control vord defim; a transfer control 
word. Machine control will bo transferred to the J.ocation specified 

in the remaining data levels (not all ones), 

D. Ijoad Stop Word, llhis control word consists of a punch in level six 
of the first character, zero in level 5, and all ones punched in the 
remaining data Icvele, Machine control is transferred to the priority 
executive, thus terminating the loading process. 
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AUTOMATIC RESET 1AR3 

A. GENERAL DESCRIPTION 

The Automatic Restart Card contains circuits to provide the following functions: 

1. Detpct whether the central processor was running or stopped when the low voltage 
sensor applied a clamp to the memory subsystem. 

2. Automatically restart the central processor upon resumption of power If the machine 
hari ,stop])ed prior to the clamping of the memory. 

B. CIRCUIT OPERATION 

Drawing 743A346 shows the run detection circuit. Pin L3 gfoes to the final tap of the delay 
line timing chain. With the central processor running, pulses periodically appear at this point 
and are filtered to piovide base drive for transistor T5-1. T5-1 conducts turning on the lamp 
in tiic "start" pushbutton and rlso removing the base drive from transistor T5-2. With T5-2 
I'utoff, gate drive is provided to the SCR, Sl-1, which serves as the run detector. 

If the power supply fault contacts close providing +26 to pin L14, while Sl-1 has gate drive, a 
eurrent is circulated in the set coil of the bistable relay M3-1. The setting of M3-1 signifies 
that the central processor was not stopped when the fault occurred. Upon power resumption 
auto restart is inhibited by the N0 contacts of relay M3-1 and the auto restart fault lamp 
M21-1 will he on. M3-1 is reset by manual starting. 

If, however, in response to the power supply failure interrupt, the central processor com- 
pleted its tasks and stopped prior to the closing of the power supply fault contacts, base drive 
would he removed from T5-1 which in turn would cause T5-2 to conduct, turning on the stop 

lamp. 

This removes the gate drive from Sl-1. Now when +26 is applied to pin L14 by the power 
supply fault contact, Sl-1 does not conduct and relay M3-1 is not set. The Master Clear relay 
is picked, keeping the processor in a cleared state as power is removed. 

The auto restarting circuit is also located on the automatic reset card. As power is resumed 
after an outage, the low voltage contacts are still in the power supply fault position and the 
positive supply is connected to pin L14. This in turn holds the central processor in the 
master cleared state until a voltage sufficient for running is obtained. Then the low voltage 
contacts trat.sfer to the PS(;^K state - applying the positive supply to pin HIO. This energizes 
relay M7-1 which provides a short time delay. When the contacts of relay M7-1 close, a pos- 
itive step is applied to the capacitor C2-1, provided that the auto restart fault relay M3-1 had 
not been set. This step is differentiated to provide base drive for transistor T5-3. T5-3 
conducts for a short period of time starting the central processor by grounding pin H16. 
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BIT CARD 2BC1 3BC1 
2BC2 4BC1 



A. GENERAL DESCRIPTION 



Thp hit card contains the Z, X, and S registers, and adder circuitry for one of 14 bits. In ad- 
dition thie bit card provides: 

1. Core sense amplifying gate 

2. Peripheral input gate 

3. S -- ►Z gate 

4. X-* Z gate 

5. ^— X gate 

6. Z-*X gate 

7. "Z-*X gate 

8. Adder to S gate 

9. Adder to inhibit timing 
10. Output buffer 

Figure 3-8 is a block diagram of the card as used. 

R. CIRCUIT OPERATION 

Dual NAND A is connected as a flip-flop and is used as the S register; in like manner Dual 
N AN[^ C is used in the Z register, and Dual NAND D is used in the X register. 

The adder circuitry is composed of DualNAND's E, F, H, and K. 

nil ami Kll form the carry chain (C-OUT), 



NAND's H5 and K5 form the Sum of Z and X when EOR and AND inputs are logical "one's". 



NAMVs H5 and K5 form the AND of Z and X when AND is a "zero" and EOR is a "one". 



H5 and K5 form the Exclusive OR of Z and X when AND is a "one". 
Diodes Dl-2 and Dl-3 form decode for Sum equal to a Positive Zero. 
S to Z Gate consists of modified NAND Bll which is used as an inverter. 
X to Z Gate consists of modified NAND B12 which is used as an Inverter. 
Z to X Gate consists of modified NAND J12 and an input from Z register. 
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Z to X Gate consista of modified NAND 012 and an Input from the Z register. 

Z to X Gate consists of modified NAND G5 and a complemented Input from the Z register. 

Adder to 3 Gate consists of NAND F5: this allows the sum of X and Z to be gated to the S 

register. 

Adder to Inhibit Timing consists of NAND Fll. Diode Dl-6 forms a decode for SUM equal to 
Negative Zero. 

Output Buffer consists of modified NAND Jll; this is used to buffer X register output data to 
peripheral driver cards. 

Refer to the circuit in the upiper left hand comer of schematic 743A300. 

This circuit accommodates inputs from core memory (pins L18 and L17) and from other in- 
puts on pin LIS. 

Transistor T8-1 is usually biased off. When the sense preamp output voltage exceeds 0.6 
volt, T8-1 conducts. This provides base drive for Tl-1 to set the Z register flip-flop if 
strobe is a "one". 

This circuit is also used to accommodate input data (pin LIS). 

An input voltage of 4.S volts minimum from any one of the digital buffer cards causes the Z 
register flip-flop to be set by turning on transistor Tl-1 if input strobe is a "one". 

Lamp Driver : The 3 volts, 15 ma indicators are driven from a saturating transistor which 
drives the lamp through a high impedance to limit inrush current and improve bulb life. 
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CORE PULSER CARD 2CP1 - 3CP1 



A. GENERAL DESCRIPTION 

This card is used to provide pulse amplifiers driving the X and Y half-select lines or to drive 
the inhibit linos of the core stack. (See Figure 3-9). 
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Figure 3-9. 



n, CIRCUIT (OPERATION 

1. The card contains six pulsers and one stack select amplifier. Four of the six pulsers 
are inhibit pulsers, one is a Read (or Inhibit) pulser, the other a Write (or Inhibit) pulser. 

2. The circuit diagram of the core pulser card is shown on schematic 743A315. The card 
receives inputs from the adder and timer cards. Its outputs are used to provide pulse am- 
plification to inhibit lines on to the half-select lines. 

Since this board has six identical pulser circuits, the circuit in the upper left of schematic 
743A315, will be discussed here. 

Signals will be defined as a "1" (positive voltage) or a "0" (zero voltage). 

If both the stack select (SEL) and input pulse (pin L3) are at a "1" level, transistor Tl-1 will 
conduct and this will block transistors T6-1 and T2-1. 

If now the Input goes to ground ("0" level), and the output transistor (Tl-8) of the stack select 
amplifier Is conducting, transistor Tl-1 will be blocked for a maximum duration determined 
by capacitor C4-1 and resistors R26-1, R34-1, and R26-2. Under normal operating condi- 
tions, the actual duration is determined by the length of the Input or Stack Select pulse. 
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If a stack select pulse (SEL) is not present (logical "1") and there is an input pulse (logical 
"0"), enough current will be supplied through resistor R52-1 to keep transistor Tl-1 con- 
ducting. 

Should a stack select pulse saturate (drive into heavy conduction) the output transistor (Tl-8 
of the stack select amplifier) sufficient base drive will be provided through resistor R34-1 to 
keep Tl-1 conducting. 

When transistor T2-1 is not blocked, it acts as a current source. The current is determined 
by zener diode Z2-1, resistor R51-1 and the setting of potentiometer Mll-1. The cathode of 
diode D4-1 is connected to a 22 volt zener (Z6-1) to limit any excessive inductive feedback. 

Capacitor C4-1 determines the maximum output pulse under fault conditions (that is with no 
Input Pulse or Stack Select Pulse). 

Capacitor C17-1 controls the rate of rise of the current in the output stage to reduce inductive 
overshoot and feedback. 

The potentiometers on the card are used to adjust currents through a 300 to 400 milliampere 

range. 

The location of the potentiometer on the card are as shown on the module layout drawing. 
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DESIGNATOR CARD 2DC1 

A. GENERAL DESCRIPTION 

The 2DC1 card is used to provide the following functions. 

1. A five bit designator register 

2. A gating designator decode logic for setting designator 

3. A gate for designator to the Z register bits 0-4 

4. A ga^ for bits 0-4 of the Z register to the designator 

5. A decode for non-conditional jumps and designator jump 

6. A decode for return jump instructions 

Dcsi g-Lo g ♦Desi g I 



Adder 
X Reg. 



Z Reg. 



Decode 
Designator 
Logic 



0-'+ 



Designator 
Regi ster 



Clr D -»► 1 



■0-k 



Jump 
Decode 



RJP 



Figure 3-10. 



Decode 



B. CIRCUIT OPERATION 



1. Five Bit Designator Register - This consists of NAND circuits A, B, C, D, E and 
five indicator driver circuits. The register is cleared to "zeroes" (the lights off) 
before gating the designator logic. The Overflow Designator is not cleared except by 
master clear or Enter Designator instruction. The register is cleared to "ones" (all 
lights on) before gating the Z Register. 

2. Designator Decode Logic Gate - This consists of NAND circuits F, G. H, J, K, and U5. 
a) FIX (output of F NAND, pin 11) sets the Even Designator when the Adder Output 

is Positive and Even. 
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b) F5, G5, Gil set the Even Designator when the Adder Output is Negative and Even. 
(In reality Bit 13 and Bit are compared, if they are the same, tlie number is 
even.) 

c) H5 sets the Zero Designator (IL4) when the Adder Output is a negative zero. 

d) Hll Sets the Zero Designator when the Adder Output is Positive Zero. The 
Decode Diodes of the NAND are located on the Bit Cards. 

e) J5 Sets the Positive Designator when the Adder Output is Positive. 

f) Kll Sets the Overflow Designator when X and Z are positive and Sum is Negative. 
It is Inhibited on an EOR Instruction. 

g) J 11 Sets the Overflow Designator when X and Z are negative and the Sum is Posi- 
tive. It is inhibited on an EOR Instruction. 

h) K5 Sets the End Around Carry Designator when there is a Carry-Out on Bit Thir- 
teen. 

i) U5 Sets the End Around Carry Designator when a "One" is Shifted Off on a RSH 
Instruction. 

3. Designator to Z Register Gate 

Consists of NAND Lll, Mil. Nil, Pll, Rll 

Setting of Z register is accomplished by clamping the Output of the compliment 

side of the Flip- Flops. 

4. Z Register to Designator Gate 

Consists of NAND L5. M5, N5. P5, R5 

Setting of the Designators is accomplished by clearing them to "One's" and setting 

"Zero's" from the compliment side of the Z Register. 

5. Jump permissive Decode 

Consists of NAND S, T. Ull, V, W 

a) Sll decodes EJP Instruction and Even Designator 

b) Wll decodes ZJP Instruction and Zero Designator 

c) Til decodes PJP Instruction and Positive Designator 

d) Vll decodes OJP Instruction and Overflow Designator 

e) W5 decodes CJP Instruction and End Around Carry Designator 

f) T5 decodes SLJ or CLJ Instruction 

g) S5 decodes J MP Instruction 
h) Ull decodes RJP Instruction 
i) V5 is used as a Logic Inverter 

6. Return Jump Decode 

Consists of NAND Ull. 

This also forms part of Jump Permissive Decode 
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EXTERNAL INTERRUPT 3EI2 



A. GENERAL DESCRIPTION 

The EI card is the principal module of the interrupt subsystem. This subsystem is the means 
of gaining the attention of the computer from either a contact closure or a transistor switch. 
In response to a contact closure, a temporary core buffer is set, and a "Hit" signal is sent to 
the interrupt scan card. The computer recognizes the presence of an interrupt and (if not run- 
ning under interrupt lockout) begins interrogating the interrupt cores. When a core which has 
been set previously is interrogated, a response voltage is generated, and the computer ac- 
cesses the appropriate location in core memory corresponding to that interrupt. 
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Figure 3-11. Application of EI Interrupt Card 

The EI accepts up to 16 interrupt inputs. A maximum of four EI cards can be used per system. 
Either a filtered contact closure from the process or a high-speed transistor-driven signal 
from peripheral units and/or other computers can set interrupts. An interrupt core is set 
when the input voltage exceeds the threshold level of the interrupt circuit and a synchronizing 
probe pulse is present from an external pulser card. This probe pulse is generated each in- 
struction Sequence III and is inhibited during interrupt scan to prevent simultaneous setting 
and resetting of interrupt cores. A hit pulse occurs when a core is set and indicates that an 
interrupt scan should begin if lockout is not set. During interrupt scan, eight X subrow line 
and two X subcolumn lines from the HS half-select cards route interrogate piUses sequentially 
to each interrupt core. When an interrogate pulse is passed through a core which has been 
set, a response voltage called a sense pulse occurs. The address in the S register when the 
sense pulse occurs indicates the core memory location containing the next instruction. 
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B. CIRCUIT OPERATION 

1. Circuit Specification 

Interrupts are to be set from filtered contact closures to 48 volts ±10%. The filtered in^prrupt 
rate is 20 per second. Interrupts can be set from a transistor-driven circuit powered from the 
unregulated (26 volt ± 4 volt) main frame power supply. 

Probe pulses occurring once per instruction are typically 4 microseconds in duration. The 
maximum rate would be 4 microseconds every 9 microseconds. Probe pulse amplitude vari- 
ation is 14.5 to 17.2 volts worse case. 

Interrogate pulses occur every 1.5 microseconds with a 0.9 microsecond duration. Peak cur- 
rent is 0.4 ampere and is supplied through the half-select matrix. 

The hit and sense pulse load on the El card is 150 ohms. Amplitude should exceed 1.5 volts for 
at least 150 nanoseconds. 

.All circuits should be capable of floating with respect to central processor ground. 

2. Circuit Description 

Card Block Diagram (Figure 3-12) 

This module contains 16 interrupt input circuits. There are five commons available, making 
three groups of four circuits and two groups of two circuits. 

The basic interrupt circuit is shown in Figure 3-13. 

An input voltage charges the 0.5 microfarad capacitor. The voltage on the low side of the 0.05 
microfarad coupling capacitor follows if the input voltage rise is sufficiently fast. When a 
threshold determined by the zener breakdown voltage of the ZIO zener and the base emitter 
drop of the T16 transistor is exceeded at a level of 17.6 to 19.4 volts, the transistor turns on 
and allows the next probe pulse to be applied across the Shockley diode (S3). The sum of the 
probe voltage and the voltage on the input capacitor appears across the S3 Shockley diode and 
should be sufficient to cause the Shockley to fire. The Shockley's firing dumps charge from 
the input capacitor through the core and saturates it in one direction. This firing path for the 
Shockley, which is initially through the probe transformer, transfers to the D4 diode, which is 
a low impedance to ground. 

The response voltage when the core is set is the hit pulse. When the core is interrogated, the 
response voltage called the sense pulse is generated. 

To guarantee that the core will be set once and only once for each contact closure (or applied 
input voltage), the 0.05 microfarad capacitor is charged. It is selected to be one-tenth the 
filter capacitor so that the input will not be reset to a point where the input voltage can once 
again produce a voltage excursion sufficient to set the core. 

The method chosen for applying the probe pulse only when the input voltage exceeds a threshold 
minimizes the possibility of the Shockley's imderg^ing rate firing at too low an input voltage 
level. Circuit waveforms are shown in Figure 3-14. 
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Figure 3-12. EI Card Block Diagram 
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3. Interrupt Core Package (Figure 3-15) 

This cordwood package contains four buffer cores for the EI interrupt board. 
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3-15. Interrupt Core Package 





Thie storage elements within the package are ferrite cores each of which has four windings: A 
set winding, a hit winding, an interrogate winding, and a sense winding. Whenever an interrupt 
input signal goes positive, a probe pulse from the computer will cause the 4 layer diode in the 
interrupt circuit to discharge a capacitor to sef the core. A pulse of positive polarity is de- 
veloped across the hit winding to give an indication that a core has been set and an interrupt 
scan should be begun. The scan consists of interrogate pulses generated in series. When the 
core which was previously set is interrogated a positive pulse appears across the sense wind- 
ing. The sense pulse stops the scan and the computer goes to the core address as determined 
by the address last used in the interrupt scan. 

The interrupt input circuit provides approximately 0.6 ampere through the set winding. The 
interrogate pulse has a duration of 0.9 microsecond at 0.9 ampere. Hit and sense pulse am- 
plitudes are in the range of 2 to 6 volts. 

a) Circuit Description (Figure 3-16) 

The square loop core provides the memory and isolation required for the external interrupt 
system. The output pulse from the interrupt circuit is applied across winding 7-8 through re- 
sistor R5, and drives the core to its positive saturation state. A response voltage ("Hit") 
across winding 1-2 results from the cores being driven to a new saturation state. The "Hit" 
pulse signals the computer to start a sequential interrogation of all cores. 

When the interrogate current pulse is applied to winding 5-6 through the half-select switches, 
the core is driven back to its negative saturation state. The resulting flux change induces a 
signal across the "sense" winding 4-3. In the absence of an interrupt input the core is already 
in its negative saturation state so that very little flux change is produced by an interrogate 
pulse, and a negligible voltage is induced across the sense winding. Diodes D4-1 and D4-3 
provide isolation t)etween the "hit" and "sense" pulses. 

b) The duration of the "set" pulse is approximately 2 microseconds. The "interrogate" piilses 
are 0.9 microsecond long. 
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EXTERNAL PULSER CARD 1EP3/2EP1 

A. GENERAL DESCRIPTION 

This card is used to perform a number of operations, namely, Channel, Word, Probe, and In- 
terrogate pulse generation. Two of these operations are performed on each card. 

See Figure 3-17 for Block Diagram. The External Pulser receives logic levels and timing pulses 
from the main-frame control circuitry cards. Pulse energy is supplied to the: 

a) External Interrupt pulse transformers, 

b) External Interrupt Interrogate matrix, 

c) Word peripheral matrix, and 

d) Channel peripheral matrix. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

Logic levels are intended to feed pins H15, H17, and H13. These signals ground to select out- 
puts and hold down 1.4 ma maximum. The "one" signal will be clamped at 2 volts maximum. 
The timing signals are brought in through capacitive coupled inputs H14 and H16 and also 
ground to select the outputs. They must hold down 7.7 ma max. and block 7.15 volts in the "one" 
state. The timing signals ar^ capacitive coupled to guarantee the outputs will not be full "on" 
continuously in case the inputs are held at ground. The output signal level is intended to be a 
regulated 18 volt pulse with 400 ma of current limit. 

2. Circuit Description 

The card block diagram of Figure 3-18 shows the two applications of the External Pulser card. 
There are two pulser circuits on each card and there are two external pulser cards in the sys- 
tem. The first card contains the interrogate pulser and four of its eight associated half-select 
transformers. The second card contains the remaining four half-select transformers for the 
interrogate pulser, the probe pulser, and the channel pulser with all eight of its half-select 
transformers. 

Each pulser circuitconsistsof an OR gate and an inverting stage which drives the output tran- 
sistor. 

The schematic of the external pulser is shown on Drawing 743A308. The circuit operates in 
the following way. When all input diodes have a "1" signal, transistor Tl-1 is saturated pro- 
viding base drive for transistor T14-1. Transistor T2-1 is, therefore, blocked. When all input 
diodes are grounded, transistors Tl-1 and T14-1 block and the output transistor T2-1 conducts. 
The base voltage of T2-1 is clamped, which prevents the transistor from saturating. Transistor 
T2-1 therefore acts as a current source, the current being adjustable by potentiometer Mll-1, 
The output voltage at the collector is determined by the 18 V zener diode Z13-1 and D4-3 in 
series with it. Zener diode Z12-1 serves to clamp any inductive flyback voltage. The maximum 
time duration for which the output transistor can conduct is limited by the time constant of the 
capacitive coupled input circuit. Any number of input circuits can be connected to the pulser. 
There are two Input circuits for the probe and interrogate pulsers. The word and channel 
pulsers have three input circuits each. 
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3. Timing 

Waveforms in Figure 3-19 show the input to output delay for a 1 microsecond current pulse, 
typical of the interrogate pulse used in the interrogate scan. Also shown is the delay for a 
four microsecond voltage pulse as is used in the Word, Channel and Probe pulse applications. 
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HALF SELECT CARD 2HS2 



GENERAL DESCRIPTION 



This circuit card is required to provide four subrow and four subcolumn half-select switches. 
The half-select switches are time-shared by the core memory subsystem. , the interrupt sub- 
system and the input-output subsystem. The subrow half-select switches and the subcolumn 
half-select switches complete the current paths for the primary and secondary- windings of the 
half-select transformers respectively. 

The relationship of the half-select switches to the system is shown in the block diagrams (Fig- 
ures 3-20, 3-21 and 3-22) that follow. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The input to the half-select switches is obtained by decoding the S-register outputs. The de- 
coding is done by means of modified NAND modules. The output state of the subrow half-se- 
lect switch has to handle 350 mA inductive load plus the transformer losses and damping cur- 
rent across the primary winding of the half-select transformers. The subcolumn half-select 
switch has to carry a 350 mA inductive load. 

2. Circuit Description 

This card contains 4 subrow and 4 subcolumn half-select switches. One pair of half-select 
switches have OR type inputs to allow direct access to core locations assigned to the Accumu- 
lator and Program Counter. 

a) Subrow Description-Figure 3-23 

Signals will be defined as a "1" (positive voltage) and a "0" (zero voltage). 

When all four inputs to the circuit are logical "one" 's the output of the NAND gate is a logical 
"zero". Base drive is therefore provided for transistor T8-1 through resistor R24-1. Tran- 
sistor T8-1 saturates, providing base drive for transistor T2-1. Transistor T2-1 conducts 
but is prevented from saturating. 

When T2-1 is conducting, a current path is provided for the pulser circuit and therefore cur- 
rent flows through the half-select transformer. Switching delays through the subrow half-se- 
lect switches are minimized by using a nonsaturating switch as the output stage. Diode D8-1 
helps to reverse bias transistor T8-1. Diode D4-1 limits the flyback voltage across the trans- 
former thereby protecting transistor T2-1 from destruction. Diode D7-2 prevents turn-on of 
transistor T2 when the flyback pulse occurs. 

b) Subcolumn Description-Figure 3-24 

When all four inputs to the circuit are logical "one" 's the output of the NAND gate is a logical 
"zero". Transistor T6-1 is, therefore, blocked, transistors T6-2 and T12-1 are conducting. 
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Diodes D4-8, D4-9, D4-X, D4-Y. 04-10, D4-11 and transistor T12-1 form an a-C switch, so 
that when transistor T12-1 is conducting, current can flow through the half-select transformer 
in either direction. When point B is negative with respect to point A, conduction takes place 
through D4-Y. D4-10. D4-11, T12-1 and D4-9. When point A is negative with respect to B, 
conduction takes place through 04-10, T12-1, 04-8 and 04-X. 

Diode 04-7 is needed for limiting the flyback voltage. Diode D4-5 serves to facilitate fast 
turn-off of transistor T12-1. Diode 04-6 provides a path for discharging line capacitance. 
The capacitor C3-1 is needed to delay the turn-off of the subcolumn output transistor until the 
primary current through the half-select transformer decreases. This is necessary to prevent 
magnetizing current buildup. 

3. Timing 

The half-select switches are selected for a duration of 4.2 microseconds; and are unselected 
for 0.3 microseconds. 
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Figure 3-20. PRODAC Half-Select Scheme, Typical Partial View for Least -Significant 

Half-Address of One Stack 



7-3 



INTEHMUPT 
SCAN 




STACK 


" 




\ 


i- SIL 


#0 




sws 


\, 












\ 




i- sa 

IWS 













Og THRU 



OOg TNKU 



'"8 
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7-4 



+26V 



UT 



D1 



I 



+ 6 V 



R2U-1 

;i2) — wv 




READ 

PULSER 

- OR 

EXTERNAL 

PULSER 



H. WRITE PULSER 



k CIRCUITS 
CONNECTEe 
HERE 



|... 



Figure 3-23. Subrow Half-Select Switch 





1 

3 






HO- 


2 








+ I8 



i — om I 

CORE WINDING 



Figure 3-24. Subcolumn Half-Select Switch 



7-5 



-a 
I 



|5.*(U. 



F3i^ 



-tr 



it 



4,. 



*^ 






•fciis- — . » bst: 



rna - 



•i- 



-' J 






^% 



i^fn-L. 



• " J. 






T ' 



i 



E9- 




.;«^ 



jit. 



I. 



^ r 



ra 












-fci] 



- Pol 



-® 



-ca 



M 



1 PWt 4 M^ OUM. HMaOS TO •«<<. UCf C^ U >kilC<)U>. 

> rpsi 



>» 



■ink 



(•o«>r«»o) 



'9 STMtOV-HOKS-TS CJWL C'Ot K PU.lC.tLV 
Of 1>*>>*T(0 *« kO. OM »3»it: cr Umi 



>u» 




rg> - 



1- L ] ? .■ 1^1- 

— ? r r F 



■&E 



ZSlTJSiSrr «>■<,• »*'^' Sf uct - gewm 




'^tXtAC lo St*'t> 



r^ 



S<Mrwi*TiC 



"TSwwJ 



?^ -i*^ikJia 



gi: 



lH.-g5r"f ... 

— — — » 



:. ^. 




-0 

I 








.7-1 K o-BDTp 

^^7-4 1 -0 o- «m 
o-dlJK 



■■■■'■ ' I 1 1 T T ' 





5.-/ a-* "'' '-(■'^i ^-> 

ev il I CI-/* h o 
o- (o7 /fa.!H > 



i> <ii5<Ti': c 



o-r^i. 



> 



oJDSIB-o 



OQOOOOOO 



o- asTn m-o 
o-^OZZH 

o-Birui>« 



■i*bk.T>o> &0> 



^ 



o-Ht2Zia* 
> 4Z5r7jni -o 
|> I»A, llt -o 

4A-/ llk o 

o-Kv-'-IIK 

o^zsaiH 

2HS 






o 
■ d 



00 NOT icALi ama 

MfMI AiL SMAMF EDGCt 0211 
ANSULM OMICNSIONS ^Vk* 



"ym«'w 



LJBL 



WESTINONOUSi iUCTRK COMPOKATION 



TiTi-f '^*^3Q^^ so'semcs 



OM£-Hl^Lf S£L£Cr '^iSCMBLY 



(2HSZ) 



'^-^y^^ K-STtf^^J.^ 



'^H "S OPS 



COMPUTER SYSTEMS DIVISION 



^•TT«au««« 



'This Page Intentionally Blank" 



7-8 



INTERRUPT SCAN CONTROL 2IC1 

A. GENERAL DESCRIPTION 
The 2IC1 card is used to provide: 

1. Interrupt Control Logic 

2. Probe Pulsar Timing 

3. Clear S to "Zero" Gate Drive 

4. S — *• Z Gate Drive 

5. Clear F to "One" Gate Drive 

Figure 3-25 is a block diagram of this card. 

B. CIRCUIT DESCRIPTION 

Interr upt Control Logic - consists of NANDS A, B, C, D5, Ell and F. Dual NAND B is used 
as a flip-flop to perform the "Interrupt Lockout" function. Similarly Dual NAND C is a flip- 
flop for the "Hit" function, 

NAND A5 will set "Interrupt Lockout" in Sequence VII of a SLJ (Set Lockout and Jump) instruc- 
tion, 

NAND All will clear "Interrupt Lockout" during Sequence VII of a CLJ (Clear Lockout and 

Jump) instruction, 

NAND F5 will set "Interrupt Lockout" when an interrupt core (located elsewhere) is set. The 
input to F5 must be a minimum 2 volt level from the interrupt core. This will not come in 
until the core has been interrogated. 

NAND Fll will set the "Hit" flip-flop when an interrupt core (again 2 volt minimum level) is 
set and the core has been probed, 

NAND D5 clears the "Hit" flip-flop upon completion of an Interrupt Scan. The diodes on the 
input Dl-2, Dl-3, and Dl-4 determine the number of interrupts to be scanned. 

A look at the table marked "Remove Diodes" (on the schematic) will show which diodes are to 
be removed (physically). For example, if the system has 16 interrupts, then diodes Dl-3 and 
Dl-4 are removed, for 48 interrupts, only diode Dl-4 is removed. For 64 interrupts (maxi- 
mum available) diodes Dl-2 and Dl-3 are removed. 

NAND Ell inhibits one interrupt scan when the conditions for scan (that is when all inputs are 
logical zero) are not present. 

NAND E5 is used for the Probe Pulser Timing signal. 

Clr S, - consists of NAND Hll and diode Dl -26. The S register is master cleared by clamp- 

mg Hll to ground. 
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S to Z Gate Drive - consists of NAND G and interrupt sequence. Gil enables the date during 
Sequence VII. 

H5 Is used as the gate drive circuit. 

cTr F. 1 - consists of NAND Dll and diode Dl-6. F register will be cleared by clanoplng Dll 
to ground through diode Dl-6. 
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Figure 3-25. 
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INTERRUPT FILTER MODULE 4IF1/4IF2 



A. GENERAL DESCRIPTION 

This module contains eight filters which condition interrupting plant contacts by removing high 
frequency noise spiker. The 4IF1 is designed for use with +48 volt inputs and the 4IF2 is de- 
signed for +125 volt input signals. The pin assignments on the 4IF module are the same as 
those used on the faster, isolating 5IF series and therefore, corresponding modules are elec- 
trically interchangeable. (Figure 3-26). 
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Figure 3-26. 

B. CIRCUIT SPECIFICATIONS 

1. Input Requirements 

The total resistance of the wiring to the process contact plus the contact resistance should not 
exceed an arbitrary 1000 ohms. With these filters, the filtered interrupt rate is 20 per second. 

2. Output Specifications 

The output of this card is designed for coupling directly into the 3EI external interrupt module 
using twisted pair cabling. The 3EI card is within about 25 feet of these filter cards in exist- 
ing installations. 

3. Power Requirements (with all contacts closed) 

4IF1 {48V version) 

+48 volts ± 10% 15.4 milliamperes ± 11% per card 

4IF2 (125V version) 

+125 volts ± 10% 15.1 milliamperes ± 11% per card 
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C. CIRCUIT DESCRIPTION 

Each filter consists of a voltage divider with a 0.5 mfd capacitor on the output. This capacitor 
is in parallel with another 0.5 mfd capacitor in each input to the 3EI external interrupt card. 
In both the 48 and the 125 volt case, the resistors are chosen to give approximately 28-1/2 
volts steady state across the capacitor. However, all filter outputs are clan^)ed to a bus con- 
nected through a 6.8V and a 20V zener diode to PSC. This limits the voltage input to the 3EI 
card under worst case condition to about 28 volts and avoids double interrupts. 

The voltage divider resistors are lOK and 15K in the 48V case and 51. IK and 15K in the 125V 
case with the 15K appearing across the 0.5 mfd capacitors. Each divider takes about 2 mil- 
liamperes steady state when the contact is closed. 

The discharge time constant assuming 1 mfd capacitance total and 15K is 15 milliseconds in 
both cases. The charging time constant is 11.6 milliseconds for 125V and 6 milliseconds for 
the 48V version. This assumes negligible contact and lead resistance. 

Following the closing of the process contact, the input to the 3EI must rise to +17 volts tj'p- 
ically before the interrupt is recognized by the computer. With rated voltages and negligible 
lead and contact resistance, it will take about 0.92 time constant for the capacitors to charge 
to 17 volts. This gives 5.5 and 10.7 milliseconds delay for the 48 and 125 volt versions re- 
spectively. With maximum lead resistance, these values increase to about 6.1 and 10.9 milli- 
seconds respectively. About 40 milliseconds is needed to discharge the filter on opening of 
the process contact so that another closure can be recognized. This then gives a maximum 
rate of about 20 interrupts per second. 
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ISOLATED INTERRUPT FILTER MODULE 5IF1/5IF2 



A. GENERAL DESCRIPTION 

This module contains eight isolating filters which condition interrupting plant contacts by re- 
moving high frequency noise spikes. The 5IF1 is designed for use with +48 volt inputs and 
the 5IF2 is designed for +125 volt input signals. The pin assignments on the 5IF module are 
the same as those used on the 4IF series and therefore, corresponding modules are electri- 
cally interchangeable. (Figure 3-27). 
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Figure 3-27. 



B. CIRCLTT SPECIFICATIONS 

1. Input Requirements 

The total resistance of the wiring to the process contact plus the contact resistance must not 
in any case exceed 2000 ohms for a 48 volt system or 7000 ohms in a 125 volt system. When 
these large lead resistances are allowed, the speed of the system is reduced to 100 operations 
per second. If the lead resistance is less than 100 ohms then the 5IF filters will follow 200 
operations per second. It should be noted that this filter will not block extremely low fre- 
quency contact bounce noise below 200 cps. 

2, Output Specifications 

The output of this card is designed for coupling directly into the 3EI external interrupt module, 
and therefore it can supply 26 milliamperes from a +26 volt source into the input terminal of 
the 3EI card. Twisted pair cabling between the 5IF and the 3EI should be less than 25 feet long. 
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3. Power Requirements 

5IF1 (48 volt version) 

+48 volts ±10% 145 milliamps per card (worst case) 

•I- 26 volts ±10% 208 milliamps per card (worst case) 

(note that the above currents are exclusive and the worst cases shown will not occur 

simultaneously) 

5IF2 (125 volt version) 

•t-125 volts ±10% 185 milliamps per card (worst case) 

•I-26 volts ±10% 208 milliamps per card (worst case) 

(note that the above currents are exclusive and the worst cases shown will not occur 

simultaneously) 

C. CIRCUIT DESCRIPTION 

The individual filter circuits used on the 5IF card use mercury wetted relays for isolation 
and filtering. The circuits shown on sheets 8 and 9 of drawing 743A377 illustrate the tech- 
nique used. Series resistors (R63 on 5IF1 and R64 on 5IF2) limit the coil current to 105 ex- 
cess amp turns of relay drive. This provides a pickup time of 1.7 milliseconds and a drop 
time of 2.0 milliseconds. Following the opening of the relay contact, the input to the 3EI must 
rise to +17 volts tjrpically before the interrupt is recognized by the computer. This delay Is 
typically 0.6 milliseconds, but can be as long as 1.3 milliseconds or as short as 0.4 milli- 
second depending on component tolerances In the 3EI and voltage variations on the +26 volt 
power supply. The series resistors (R14) on the 5IF card limit the discharge current result- 
ing from the relay contacts closing. Extremely high pulses of current would be generated 
each time a process Interrupt contact opened and de-energized a relay on the 5IF card if the 
R14 resistors were omitted. 
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INHIBIT PADDLE BOARD 3IP2 



A. GENERAL DESCRIPTION 

This circuit board is required to contain the damping resistors for the inhibit windings of the 
core stack, and the logic elements necessary for selecting core stacks. 

The relationship of the Inhibit Paddle Board to the system is shown by the block diagram of 
Figure 3-28. 
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Figure 3-28. 



B. CIRCUIT DESCRIPTION 



The card contains 14 inhibit input circuits, two logic gates and zener diode power supply. The 
inhibit input circuit (Figure 3-29) consists of a damp-resistor across the inhibit winding and a 
diode in series with the inhibit winding. The primary purpose of this diode is to offer pro- 
tection to the inhibit winding under accidental over-current conditions. Should the current 



11-1 



become excessive, the diode should fail before the winding. In addition to this safety feature 
the diodes also insure that current will not circulate through the Inhibit winding in the opposite 
direction. 



-►26VO- 



I nh i b i t 
(Winding 



To Pulser 

Figure 3-29. Inhibit Input Circuit 

The logic elements on this board are two NAND gates in a dual NANO package. One NAND 
gate is used to decode the last two bits of the S-register together with the memory enable sig- 
nal. The ou^ut of this NAND gate provides the "stack select" signal for the pulser card. The 
additional NAND gate is provided to enable additional logic operations where more than one 
stack is used. 
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INSTRUCTION REGISTER CARD 2IR1 3IR1 



A. GENERAL DESCRIPTION 

The Instruction Register Card is used in the central processor to provide the following func- 
tions. 

1. A Six-Rit Function Register 

2. A Gate for Bits 8-13 of the Z Register to the Function Register 

3. AND Instruction Decode and Gate Drive 

4. EOR Instruction Decode and Gate Drive 

5. STP Instruction Decode 

6. SMB Instruction Decode 

7. CMR Instruction Decode 

8. DCR Instruction Decode 

9. Decode for Clamping XO to a "One". 

Figure 3-30 is a block diagram of the card as used in the central processor. 

B. CIRCUIT OPERATION 

The card will be described in terms of its usage, refer to the block diagram and schematic. 

Six Bit Function Register - consists of NAND's A, B, C, D, E, and F plus six indicator driver 
circuits. The I^egTsterTs cleared to "One's" (all lights on). "Zero's" are gated from the Z 
register. NAND's A, B, C, D, and E have an additional base drive for high fan-out capability. 

Z Regis ter Bit 1 3-8 t o Function Register - consists of NAND's G, H, and J, The clear side of 
Z register is gated to set "Zero's" in the F register. This is done since all "Zero's" are de- 
coded as stop codes. 

AND Instruction Decode and Gate Drive - consists of transistors T3-3 and T3-4 plus their as- 
sociated diodes and resistors. This circuit provides a logical NAND. The only difference be- 
tween this circuit and a modified NAND, is the amount of current this two-stage amplifier can 

drive, 

EOR Instruction and Gate Drive - consists of transistors T3-1 and T3-2, NAND L5 and asso- 
ciated diodes and resistors, this circuit as above, provides a logical NAND. NAND L5 causes 
the EOR bus to become a "zero" when the Z register Is cleared, this disrupts the Adder carry 
chain to prevent a sum of "Positive Zero" and "Negative Zero" from equaling "Positive Zero". 

STP Instruction Decode - consists of NAND Lll which decodes the STOP Instruction. 
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3MB Instruction Decode - consists of NAND K5 which clamps output of Z13 to "Zero", thus 
setting Z13 during SMB Instruction. 

CMB Instruction Decode - consists of NAND Kll which clamps output of Z13 to "Zero", thus 
clearing Z13 during CMB Instruction. 

DCR Instruction Decode - consists of NAND Mil which clamps XO to a "Zero" when all other 
bits In X register are set to "One's" for DCR Instruction. 

Clamp XO to One Decode - consists of NAND M5 which clamps XO to a "Zero" forcing XO to 
a "One" for Incrementing the program counter in Sequence III and the S register In Sequence I. 
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LOW VOLTAGE SENSOR 3LV2 

A. GENERAL DESCRIPTION 

The Low Voltage Sensor card contains three separate circuits which perform the following 
functions: 

1. The Low Voltage Detection circuit detects excursions of the +26 voltage bus below 
safe operating levels and provides a signal to the Central Processor if this happens. 

2. The Synchronizer Interrupt circuit acts as a real time clock for program timekeep- 
ing purposes. 

3. The Dead Computer Switch circuit monitors operation of certain hardware and soft- 
ware functions, and provides contacts available for alarm and control purposes in 
the event of certain classes of computer malfunction. 

B. CIRCUIT OPERATION 

1, Circuit Description - Low Voltage Circuit 

Drawing 743A340 shows the low voltage detection circuit in the upper center. Input to the 
circuit is the +26VDC to PSC (i.e., unregulated +26V bus voltage) appearing between x30 and 
xl8-x20. M12-1 is adjusted to turn T8-1 on when the bus voltage drops to 23.6V. T8-1 then 
turns on T5-2 which grounds the base of T5-3 turning T5-3 OFF. The collector of T5-3 is 
raised to bus voltage by R53-1, and an external interrupt, PFAL INT, is generated. Also, 
T5-4 is now turned ON thus grounding the base of T5-3 and holding it OFF. Approximately 6 
milliseconds later, relay M7-1 which has been held energized by capacitor C26-1 drops out, 
and the NC contacts are closed as indicated. 

M19-1 is used to precisely set time delay from start of power supply failure interrupt until 
closing of power supply fault relay contact. This time delay is set between 7.2 and 8.0 ms and 
compensates for variations in parameters such as relay M7-1 dropout time and current, ca- 
pacitor C26-1 value, and resistor R52-3 value. 

When the relay armature transfers to the NC side, base drive is removed from T5-4 and this 
transistor turns OFF. This removes the ground from the base of T5-3 and enables the circuit 
to respond to a +26 voltage bus level above +22.9 volts. R30-1 is a feedback resistor which 
provides approximately 1.2 volts of hysteresis. Thus T8-1 turns OFF when the +26 voltage 
bus reaches about 24VDC. 

2. Circuit Description - Synchronizer Interrupt 

The S3mchronizer Interrupt circuit is also located on the Low Voltage Sensor card diagram 
upper left hand corner. T5-1 is turned ON and OFF 60 times each second by the 6.3VAC 
60CPS voltage applied to the transistor's base through R23-1 and D7-1. Since the collector of 
T5-1 is returned to +26V through R52-2, the collector is alternately at near PSC potential and 
then +26VDC generating an external interrupt (labeled SYNC INT) used by computer programs 
for internal timekeeping functions. 
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R23-1 limits current Into the base of T5-1, and diode D7-1 prevents the base-emitter junction 
from being stressed by a high reverse voltage during negative alternations of the Input voltage. 

Under certain conditions, It Is desirable to have a synchronizer Interrupt rate of 120 pulses 
per second. To achieve this, the 60CPS voltage Is rectified In a bridge circuit and the pulse 
D.C. output Is applied to the base of T5-1 for a 120 PPS Interrupt rate. 

3. Circuit Description - Dead Computer Switch 

The third functional circuit located on the Low Voltage Sensor card is the Dead Computer 
Switch. This circuit's output depends on the state of the two relays, M7-2 and M7-3. The re- 
lajrs are single side stable and arranged such that if either relay is In the de-energlzed state, 
continuity exists between the POWER connection and the ALARM connection. When both re- 
lays are energized, the POWER connection Is coupled to the CONTROL output. Power Input is 
furnished by an external source and ALARM and CONTROL functions are determined by the 
computer user. (Relay contact ratings are Identical to CCQl ratings, namely 500 volts maxi- 
mum, 2 amperes maximum or lOOVA maximum. However, large inductive loads must be 
shunted by suppression diodes.) 

-«-48VDC is applied to the relays alternately by a contact output. Each relay has an external 
capacitor in parallel with it. This capacitor charges up and holds the relay energized while 
the CC0 is applying power to the other relay-capacitor combination. If for some reason the 
Dead Computer Switch CC(^ does not return to the other side at the end of the switching in- 
ternal, the relay will "time out" and close the ALARM circuit. 

M14-1 and M14-2 are voltage dividers used to adjust the charge-discharge cycle of the ca- 
pacitors. This determines what the period of the CC(ji switching cycle must be. (Maximum 
period is 2 seconds or 1 second between contact transfers, and minimum period is 1 second 
or 0.5 second between contact transfers.) Diode D8-1 is an Isolating diode that makes It pos- 
sible to take an external Interrupt from the anode of D8-1 if desired. C7-1 and R12-1, and 
C7-2 and R12-2 are filters across the relay contacts. These are for contact protection, al- 
though as noted above these filters are not adequate protection against large inductive loads. 
Relay M7 is a single side stable relay with a coil resistance of 675 ohms. "Must operate" 
voltage Is 8.6VDC. 
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DIODE BOARDS 2MA1, 2MB1 

A. GENERAL nESCRIPTION 

These two boards are required to contain the blocking diodes and the transformers for the 
half-select matrix. 

The relationshin of the diode boards to the system is shown in Figure 3-31. 

l\ CIRCITT OPERATION 

1. Circuit Specifications 

The primary windings of the half-select transformers are driven by the pulsers and the sub- 
row half-select switches. The secondary windings together with the subcolumn half-select 
switches provide a current path through the core windings. A damping resistor is placed 
across the secondary of the transformer to prevent excessive inductive flyback. The sub- 
column diode matrix is connected directly to the core stack in the manner shown on the draw- 
ing. The primary consideration in the grouping of the core windings is the geometry of the 
printed circuit lavout. 

2. Circuit Description 

The card block diagram is shown in Figure 3-32. Each half-select transformer drives 8 core 
half-select lines. The subcolumn diodes are connected in groups of eight on each diode board 
and then connected to the eight subcolumn half-select switches. 

3. Diode Identification 

Figures 3-33 and 3-34 show the layout of the MA and MB boards which identify the diodes 
with respect to the X matrix or Y matrix. For example, looking at the MA schematic, 
the diodes marked X36 are tied to (2K^30W and 0<2<30R, On Figure 3-33, these can be 
physically located at the upper right hand side of the drawing (and the board itself) by 
noting the number (36) shown between two lines (these indicate the diodes), and whether 
it is the read or write diode by the R or W identification. 

The figure is broken down into an X matrix or Y matrix by the solid line extending (in stair- 
case fashion) across the board. 
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MEMORY ENABLE BOARD 2ME2 



A. GENERAL DESCRIPTION 

The ME board performs or provides several important functions: memory enable decode and 
drive, select accumulator decode and drive, select program counter decode and drive, select 
S register decode and drive, inversion of return iump instruction decode, interrogate pulser 
timing and core strobe gate drive. (Figure 3-35). 



T ime 

sEa 

INST 



-Memory Enable 



Select Accumulator Enable 



-Select Program Counter Enable 



-Select S Register Enable 



■Return Jump Decode Inversion 




Interrogate Pulser Timing 



"Core Memory Strobe Gate Driver 



Figure 3-35. Memory Enable Board 



15-1 



B. CIRCUIT DESCRIPTION 

Memory Enable Decode Drive ; Consists of NAND B-11, E5 and Ell. B-11 disables memory 
during Sequence VI of an output Instruction. E5 disables memory during an external Interrupt 
scan. Ell disables memory during Sequence V of an Input Instruction. 

Select Accumulator Decode Drive ; (SEL A) Consists of NAND J and L5. Jll selects accumu- 
lator during Sequence V of OUT and STL Instructions. J5 selects accumulator during Sequence 
VI of ADD, AND, INP, SUB, EOR, and ENL Instructions. L5 Is a logic Inverter. 

Select Program Counter Decode Drive; (SEL P) Consists of NAND A, D, and C5. All selects 
P (program counter) during Sequence V of an RJP Instruction. A5 selects P during Sequence 
VII. Dll selects P during Sequence II. D5 Is a logic Inverter. CS Inhibits the selecting of P 
during an Interrupt scan. 

Select S Register Decode Drive ; (SEL S) Consists of NAND Cll, F, H and K5. Cll and P5 
select S during Sequence V of all Instructions except OUT, RJP, and STL. Fll selects S dur- 
ing Sequence VI of LSH, RSH, OUT, RJP, and STL instructions. Hll selects S during Sequence 
III. K5 selects S during an external Interrupt scan. H5 is a power logic inverter. 

Return Jump Inversion ; B5 is a logic inverter. 

Interrogate Pulser Timing : Consists of NAND K5. This NAND (K5) also is used to time the 
external interrupt interrogate pulser. 

Core Strobe Gate Driver; Consists of NAND G, Kll and Lll. Gil Inhibits strobe during Se- 
quence VI of INP, STL, OUT, RJP, and STL instructions. Kll inhibits strobe during Sequence 
VI of SDR, LSH, RJP, and STL instructions. Lll is a decoding delay line tap amplifier which 
Inhibits strobe when memory is disabled. G5 has extra base drive In order to drive many ad- 
ditional outputs. 
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PERIPHERAL DRIVER CARD 2PD1 



A. GENERAL DESCRIPTION 

The circuits on this card provide isolation between the subcolumn half-select switches and 
the peripheral equipment. In the absence of the peripheral drivers, cable capacitances would 
present low impedance paths to the currents in the high speed half-select systems and would 
cause excessive ringing. Since both the current amplitude and current rise time are critical 
in the central processor half-select applications, it is desirable to isolate the peripheral 
cables from the half-select switches. In I/O applications neither the amplitudes nor the rise 
times of the voltnge waveforms are critical. 

The relationship of the Peripheral Drivers to the rest of the system is shown in Figure 3-36. 
The inputs to the Peripheral Drivers are the output lines of the subcolumn half-select lines. 
The SEL pulse from the timing card and the Word and Channel Pulser timing pulse together 
enable the peripheral driver circuits. The Peripheral Drivers and the Subrow half-select 
switches form the input-output half-select matrix. 
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Figure 3-36. 
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B. CIRCUIT OPERATION 

1. Circuit Specification 

The Inputs to the Peripheral Drivers are o btained at the common collector output stage of the 
aubcolumn half-select switches. The SEL and WD & CHN pulser timing inputs are logic levels. 
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Figure 3-37. 
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2. Circuit Description 

The Card block diagram is shown in Figure 3-37. Corresponding to the 16 subcolumn half-select 
switches there are 16 Peripheral Driver circuits on the card. Each circuit consists of an out- 
put transistor (PNP) that is driven by an NPN stage. The Peripheral Driver circuits are 
gated by means of a gating transistor that provides th e em itter currents for the NPN stages. 
This gating transistor is driven by the logical sum of SEL and the External Pulser timing 
pulse • WD & CH. 



INPUT O 





► OUTPUT 



« « 

D4-I3 D4-18 

R54 50 

VVV— j 



D7 



H^ 



(PULSER TIMING) 



^f 



Z2 6.8 V 
R25 3.01 K 

CI O.00O5 MFD 



Figure 3-38. Circuit Diagram 

The peripheral driver circuit (shown in Figure 3-38) operates in the following manner: When the 
SEL and pulser timing pulses are both zeros, transistor T6 is conducting, so that if there is 
an input, transistor T12 conducts, saturating transistor T13, Zener diode Z2 limits the base 
voltage of transistor T6 to ensure operation as a current source initially. Capacitor CI limits 
the rate of rise of the emitter current for transistor T6. This Is necessary for limiting the 
rate at which transistor T13 turns on by limiting the rate of rise of its base current. The 
reason for limiting the turn-on speed of transistor T13 is to avoid loosing signal through cable 
capacitance. 

Diodes D4-13 and n4-18 help to keep transistor T12 blocked when the subcolumn half-select 
switch feeding the circuit is not conducting. With the subcolumn half-select switch blocked, 
the input is two diode drops and one collector saturation drop above ground. 
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PULL-UP RESISTOR CARD IPUl 

A. GENERAL DESCRIPTION 

Resistors are pro\ ided for use as additional collector loads for NAND's or modified NAND's 
where it is desired to improve speed or noise immunity. 

B. CIRCUIT DESCRIPTION 

This card contains 34 resistors having a 3. OIK value, connected to 6.8-volt supplies on the 
card. Each resistor adds an equivalent loadinpj of one NAND input to the collector to which it 
is tied. 
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SENSE AMPLIFIER CARD 1SA2 1SA3 

2SA1 2SA2 

A. GENERAL DESCRIPTION 

The circuits on this card are required to provide amplification for the outputs of the core 
memory sense lines. The amplifiers must have good common mode rejection at high fre- 
quencies. Note; There are two sense amplifier card configurations, one for core stacks 
and 3, the other for 1 and 4. Essentially these are to accommodate left and right hand wiring 
to the core stacks. Circuits are identical. (Figure 3-39). 



Core 
Stack 



Sense 
Ampl i f iers 



Regi star 



Figure 3-39. 

The Sense Amplifier is electrically situated between the sense windings of the core-stack and 
the input of the Z register. The amplitudes of the sense outputs are too small to set the flip- 
flops of the Z register. The sense amplifiers provide the necessary amplification. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The sense windings of the core stack are shunted by a 100 ohm damping resistor and connected 
directly to the input of the sense amplifier. The output of the sense amplifier is transformer 
coupled to a level discriminator on the bit card. The transformer passes the amplified normal 
mode signal while rejecting the common mode signal. 

2. Circuit Description 

The sense amplifier card contains 14 amplifier circuits as well as transformer outputs and 
rectifying circuits, as shown in the card block diagram, Figure 3-40. 

Refer to Figure 3-41 and drawing 743A314. The sense amplifier is a two stage, a-c, balanced 
amplifier. The first stage, consisting of transistors T14-1 and T14-2, provides all the volt- 
age gain of the amplifier. The second stage, consisting of transistors Ti5-i and T15-2 acts 
as a buffer amplifier with unity voltage gain. The output is obtained between the emitters of 
transistors T15-1 and T15-2. The blocking capacitors Cll-1 and Cll-15 isolate the d-c emit- 
ter currents of T14-1 and T14-2 and T15-1 and T15-2 respectively. This ensures that under 
quiescent conditions none of the transistors will be blocked, thereby eliminating the need for 
matching the transistor pairs for base-emitter voltage drop. 
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Figure 3-40. 
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SEQUENCE CONTROL CARD 1SC2 

A. GENERAL DESCRIPTION 

This card provides a three-bit sequence advance register, a three-bit sequence half-advance 
register, a sequence half-advance to sequence advance gate, a decoding gate to set half- 
advance register, a decode of Sequence V, and clamping for manual read core and manual 
write core. 

Figure 3-42 shows in block diagram form the uses of this card. 

B. CIRCUIT DESCRIPTION 

Block diagram Figure 3-42 is helpful in connection with study of the following block desciiptlon 
and also drawing 743A302, 

The Sequence Advance Register: Consists of NAND's D, E and F. These have double-base 
drive for high fanout. 

The Sequence Half-Advance Register: Consists of NAND's A, B and C, These also have 
double-base drive for high fanout. 

Sequence Half-Advance to Sequence Register Gate: Consists of NAND's J, K and L. It trans- 
fers both sides of the register, thus avoiding clearing before transfer. 

Sequence Half-Advance Decoding Gate: Consists of NAND's G, H, N, P and R. (See the se- 
quence flowchart located at the bottom of schematic for sequence rotation.) 

Rll sets Sequence III from Sequence II. H5 sets Sequence IV from Sequence III on a non-jump 
instruction. Hll sets Sequence IV from Sequence III when a jump is to be taken. Pll sets Se- 
quence V from Sequence III. Nil sets Sequence VII from Sequence III. P5 sets Sequence V 
from Sequence IV, G5 sets Sequence VII from Sequence IV. Gil sets Sequence VI from Se- 
quence V, N5 sets Sequence VII from Sequence VI. R5 decodes a non-jump instruction. 

Decode Sequence V: Consists of NAND M. Mil decodes Sequence V. M5 inverts Sequence V, 

Manual Read Core Decode: Consists of R25-14 and D7-2 to D7-6. Switch grounding clamps 
Sequence V of the ENL (Enter Lower) instruction. 

Manual Write Core Decode: Consists of R25-13 and D7-1 and D7-7. Switch grounding clamps 
Sequence VI of the STL (Store Lower) instruction. 
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S REGISTER DATA TRANSFER 2ST2 

A. GENERAL DESCRIPTION 
This card is used to provide: 

1. Adder to S gate drive 

2. Clear S to "one" gate drive 

3. Clear X to "zero" gate drive 

4. Input data strobe gate drive 

5. Input and output decode for Word and Channel pulsers 

6. Instruction step decode 

7. Inhibit pulser timing signal 

Figure 3-43 shows in block diagram form the uses of this card. 

B. CIRCUIT DESCRIPTION 



ADD -— S q-7 consists of NANDs E5 and All. E5 is used as a decoding delay line tap amplifier. 
All is used as an inverter. 



ADD— Sg- 13 consists of NANDs Ell and A5. Ell is used as a decoding delay line tap ampli- 
fier, A5 is used as an inverter. 

CLR S/o_7,l consists of NAND G5 which is used as a decoding delay line tap amplifier. 



CLR S/g_ 2^3,1 consists of NAND Gil which is used as a decoding delay line tap amplifier. 



CLR X , consists of NAND F5 and diode Dl-4. F5 is us ed as a double drive decoding delay line 
tap amplifier, Dl-4 is used to clamp the output of CLR X bus for master clearing the X register. 
Of special note here, observe that the VI logic signal on pin 3 is not diode isolated. 

Input Strobe - consists of NAND Fll and D5. Fll is used as a decoding delay line tap amplifier, 
D5 is used as a double base drive inverter. R21-1 is used as pull-up which helps to improve the 
rise time of the strobe pulse. 



WD and Ch. Pulser Timing - consists of NANDs Dll and Bll. Dll is used to decode the Input 
instruction and sequence V. Bll decodes the Output instruction and sequence VI. 

Inst Step - consists of NAND B5 which decodes the cleared, Half Advance at the end of a se- 
quence which indicates the next sequence will be I or II. 

Inhibit Pulser Timing - consists of NAND C5 and Cll. C5 is used as a decoding delay line tap 
amplifier except two taps, L2 and L3 are decoded. It provides a zero output over the duration 
of two delay line tap periods. Cll is used as a double drive decoding gate driver. Cll output 
signal is similar to the W signal except that it occurs one delay line tap earlier. 
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Figure 3-43. 
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TIMING CARD 4TC1 



GENERAL DESCRIPTION 



The timing card generates the clock pulses. It provides a delay line timing chain, a two bit 
register, core read timing, core write timing, the half-select selection timing, a clear Z gate 
drive, clear and set sequence half-advance gate time, a stop relay, and a master clear relay. 

Figure 3-44 is a block diagram of the use of this card in the system. 

B. CIRCUIT OPERATION 

1. Circuit Specifications 

The delay line has a total delay of 1.5 microseconds, three passes are made through the delay 
line to achieve the basic 4.5 microsecond cycle time. 

2. Circuit Description 

The delay line is started by a "zero" signal at pin 1 of NAND P flip-flop. This flip-flop is used 
to prevent contact bounce from the start (external to the board) button from restarting the delay 
line. 

Capacitor C3-1 and resistor R21-7 differentiate the output of P5 to set dual NAND flip-flop N. 
This provides base drive to transistor T7-1 which drives the delay line directly. 

The delay line will sustain itself via dual NAND G12 which acts as a hold off clamp to insure 
that no multiple pulses occur down the line. 

NAND M5 provides restart from the last tap of the delay line. 



The delay line may be stopped with a "zero" on the STP input on pin 2 of dual NAND M. 



This STP occurs as a result of a STOP instruction or by depressing the stop (externally 
mounted) button. 

Transistor T7-1 is used as a emitter follower circuit to provide a twelve volt, 300 nanosecond 
pulse. The pulse width is determined by the first tap of the delay line which generates a level 
to turn off T7-1. Tap voltages greater than five volts cause switching of the tap amplifiers. 

The timing register consists of NAND flip-flops B and C and NAND gates H and J, This regis- 
ter is used to count the cycles and will be TO-Tl; TO-Tl; and TO-Tl. 

The core readjjulser timing consists of NAND flip-flop D and NAND gates K. The Read pulse 
(R) is set by TO and LI and stays set until the following LI time when TO clears the pulse. 

The core write pulser timing consists of NAND flip-flop E and gates NAND L. The Write 
pulse (W) is set by TO-Tl and L3 pulse and stays set until the next L3 time when Tl clears the 
pulse. 
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Half-Select selection timing consists of NAND F and is set by the first LO pulse and stays set 
until the third L3 time when Tl clears W and Sel at the same time. 

Clear Z gate driver consists of NAND Mil, Mil is used as a decoding delay line tap amplifier 
R21-5, R21-6, C6-3 and Dl-16 provide a pulse to clear Z when Master Clear (external to the 
board) is depressed. 

Clear sequence half advance gate driver consists of modified NAND Gil which is used as a de- 
coding delay line tap amplifier. 

Set sequence half advance gate driver consists of NAND AS which is used as a logic signal in- 
verter. 

Set sequence advance gate driver consists of NAND All which is used as a logic signal inverter. 

The Stop circuit consists of relay Ml-2 and associated components; with this relay closed, the 
computer will transfer from "run" to "instruction step". 

The Master Clear circuit consists of relay Ml-1 and associated components; with this relay 
closed, the computer will stop then master clear the register to preset condition, that is, it 
will clamp Sel, reset flip-flop P; clamp Clr HA, clamp W, clamp R, set Tl. set TO and clear Z. 
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Figure 3-44. 
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Z TO X TRANSFER CARD 1ZX3 



A. GENKHAL DESCRIPTION 

This card provides these gate drives: 
Z ►X 

z — ♦x 
z — ^x 

z — ► ]■ 
z - "* u 
I) -7 

The r/X3 card also provides gate drives for designator logic to designator gate, clear desig- 
nator to "Zero" gate, clear designator to "One" gate; and Sequence VI decode. 

Figure 3-45 shows the area of the computer which this card provides. 

B. CIHCLTT DESCRIPTION 

The accompanying block diagram is helpful in study of the following description of the blocks 
composing this card. 

Z ► X Gate Driv e: Consists of NAND B, C. R59-1, Dl-3. C5 enables Z ►X gate drive in 

Sequence \. Bll inhibits Z ►X gate drive in Sequence V during a SUB or OCR instruction. 

Cll inhibits Z — "-X gate drive in Sequence V during a RSH instruction. B5 is used in a gate 
drive circuit. 

Z »>X Gate Drive : Consists of NAND Kll, Lll, 05, R59-2, Dl-2. Kll enables Z ►X 

gate drive in Sequence V of DCR instruction. Lll enables Z- — *X gate drive in Sequence V 
of SUB instruction. G5 is used in a gate drive circuit. 

Z- — »X Gat e Drive : Consists of NAND F, R59-3 and Dl-1. Fll enables Z ►X gate drive 

in Sequence V of RSH instruction. F5 is used in a gate drive circuit. 

Z •■¥ Gate Drive : Consists of NAND K5 and L5. K5 enables Z ►F gate drive in Sequence 

III. L5 is a logic inverter. 

Z -D Gate Drive : Consists of NAND .\. All enables Z »D gate in Sequence V of an EDR 

instruction. A5 is a logic inverter. 

D *-Z Gate Drive : Consists of NAND J. J 11 enables D ►Z gate drive in Sequence V of 

an SDR instruction. J5 is a logic inverter. 

Designator Logic toDesignator Gate Drive: Consists of NAND D, E5. E5 enables the desig- 
nator logic to designator gate in Sequence VI of an instruction which terminates in Sequence 
\I. D5 is a logic inverter. 
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Clear D to "Zero" Gate ; Consists of NAND Hll. Hll clears designator to "Zero" prior to 
designator logic gating. Master Clear also clamps this gate drive. 

Clear D to "One" Gate ; Consiste of NAND Ell. Ell clears designator to "One" prior to gating 
Z Register to designators in EDR instruction. 

Sequence VI Decode: Consiste of NAND Gil. 
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Figure 3-45. 
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3AC4 - ANALOG CONTROL MODULE 



GENERAL DESCRIPTION 

This module is used in the Analog Input subsystem to 
provide proper gating of the output(s) of the voltage-to- 
frequency converter(s) into the counter(s) (CT module). 
In addition, the 3AC4 module contains a power supply 
switch, used to reset the word and channel driver SCR' s, 
and an input by which the Analog Trap (AT module) can 
open the supph switch. The connection of the 3AC4 
module to the Analog Input subsystem is shown in Fig- 
ure 1. 
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FIGURE I. APPLICATION BLOCK DIAGRAM 



• The power supply switch output to the word and 
channel drivers is normally held to PSC. When the 
power supply switch triggers this signal goes to +26V 
(diode coupled) for 1.8 ms. 

• The interrupt signal goes from positive (+ 26V) 
to near zero to positive and is approximately 1. 8 ms 
in duration. 

Power Riquirements 

Connection to +26V and PSC is required. Power con- 
sumption is approximately 350 mA. 

CIRCUIT DESCRIPTION 

Before discussing the overall operation of the Analog 
Control circuit, the operation of the following special 
circuits is described. 



NOTE 

The following description is for a 60 Hz 
power line frequency environment. For 50 
Hz power line frequency the circuit oper- 
ation is identical to 60 Hz operation, except 
the timing pulses are at 100 PPS instead of 
120 PPS. 



CIRCUIT SPECIFICATIONS 



Input Requirements 

• The 120 PPS input requires a 15V, pk-pk, 50% 
dutv cycle, square wave input which is in phase lock 
with the 60 Hz power line frequency. For 50 Hz power 
line frequency, the input requirement is 100 PPS in- 
stead of 120 PPS. The read trigger input requires 

4 us zero going pulse. 

• The V/F (voltage-to-frequency converter) sig- 
nal requires a logic level positive pulses with a max- 
imum pulse rate of 1 MHz. The power supply switch 
override input requires a zero voltage level. 

Cuipui Capabiiliies 

• Provides logic level "zero" pulse to reset the 
counters. 

• The count signals to the counters are logic level 
pulses, the frequency and shape is the same as the out- 
put of the V/F converter. 



Integrated Circuit Dual NANO - 1112 

Pefer to Figure 2 for schematic and symbol diagrams. 



Jl 



1 I" 



Chi 



10' 
SCHEMATIC 



3 INPUT 
WITH NOOES 



0-" 



SYMBOL 



FIGURE 2. IC SCHEMATIC AND SYI*BOL 

The output transistor can conduct ("zero" state) only if 
all inputs are high ("one" state) to permit base drive to 
the output transistor. This is illustrated by the follow- 
ing truth table. 
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Pin No 






I-OUTPUT-) 


1 
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12 or 6 


1 or 7 


2^ 


or 8 


5 or 11 
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120 PPS TImInt Puliis 

Refer to the circuit diagram shown In Fipire 3. 
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FIGURE 3. 120 PPi TIHING C/RCU/V 

Transistor T5-3 is normally comiucUng d'-.f to the ba-jf! 
drive supplied by resistor R28-2. The logical "zero" 
output of T5-3 is Inverted to a logical one" by the 
Integrated circuit module NAND W2-B5. The capa- 
citor C5-1 causes this circuit to differentiate the 120 
Hz square wave from the Phase Lock oscillator (PL) 
module entering Pin H16. The result of differentiation 
is an approximately 60 hb wide, logical "one" pulse at 
the output of T5-3 and the complementary pulse at the 
output of W2-B5. This 120 PPS pulse train is used to 
sequence the Analog Control module. 

Delay Clrealt Numbtr Oni 

Refer to Figure 4 for the circuit diagram and Figure 5 
for the circuit timing. 
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FIGURE 4. NO. 1 DELAY CIRCUIT DIAGRAM 

The function of this stage is to provide a minimum time 
■klay l)etween the READ TRIGGER pulse and the first 
120 Pf'S timing pu'ise used to start the integration pe- 
riod. 

N.-irmi;', , the output of flip-flop 'V2-A5 is a "zero". 
Ti-an»iotor T1-) is blockinjf since the cathode of zener 
ciioiio 7,1-1 is near ground. Diode Dl-13 is a base 
drive clamp for iransistoi' Tl-1. It permits Tl-1 to 
con>lj"t only at a 120 PPS timing pulse, provided there 
Is base drive through Z7-1. 
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FIGURE 5. HO. 1 DELAY CIRCUIT TimlHG 

The 4 ^s READ TRIGGER pulse sUrts the time delay by 
setUng nip-flop W2-A5 to a 'one". This removes the 
clamp on capacitor C26-1 which then charges toward 
the 15V zener supply (Z4-1 and R56-1) through Dl-12, 
R24-1, and M12-1. Potentiometer M12-1 Is used to 
adjust the time delay. 

CAUTION 

Do not readjust this time delay. 
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This adjustment is made at the factory and should be 
readjusted only at the factory due to the difficulties of 
setup. When the voltage on C26-1 reaches the threshold 
voltage zener Z7-1 conducts and makes base drive 
available to transistor Tl-1. However, transistor 
Tl-1 continues to block until a 120 PPS timing pulse 
(a "one" pulse) removes the base drive clamp through 
diode Dl-13. Thus, transistor Tl-1 conducts for the 
duration of the timing pulse. 

The delay circuit is reset by a "zero" pulse from the 
next stage at reset Pin 7 of flip-flop W2-A. Resistor 
R21-2 is a current limiting resistor for C26-1; It dis- 
charges through the output transistor of W2-A5. 

Single Stage of Ring Counter 

Refer to Figure 6 for the circuit diagram and Figure 7 
for the circuit timing. 
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during the delay period. This changes to a "one" at the 
trailing edge of the timing pulse which enables the ring 
counter stages. At the next 120 PPS timing pulse tran- 
sistor Tl-2 conducts, thus shifting the "one" to the next 
stage. Flip-flop VV2-C is reset by a "zero" from the 
next stage at the trailing edge of the timing pulse. 
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FIGURE 7. RING COUNTER SINGLE STAGE T/M/NC 



FIGURE 6. RING COUNTER SINGLE STAGE SCHEMATIC 



Delay Circuit Number Two 



The function of the ring counter single stage is to time 
_. cvcle of the power line frequency (or one period of 
the 120 PPS timing pulses) bv shifting in a "one" at one 
UminR pulse and shifting the "one" out at the next tim- 
ing pulse. 

W2-C is the memory flip-flop for the timing pulse. 
Transistor Tl-2 and its diodes form a NAND gate 
which prevents the output of the flip-flop (Pin 11 of 
W2-C) from setting the next stage when W2-C flip-flop 
is initially set. Circuit operation is as follows: 

Flip-flop W2-C is preset to "zero" (Pin 11) at the be- 
ginning of a conversion by the READ TRIGGER pulse. 
It is set to a "one" by a "zero" at the input (Pin 7) from 
the previous stage. This input will occur at a timine- 
pulse and the flip-flop W2-C will change state on the 
leading edge of the timing pulse. Diode Dl-17 is con- 
nected to the input. When the input is a "zero" this 
blocks Tl-2. Diode Dl-19 is connected to the inverted 
output of the delay circuit flip-flop, which is a "zero" 



Refer to Figure 8 for the circuit diagram and Figure 9 
for the circuit timing. 
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FICURE 8. NO. 2 DELAY CIRCUIT DIAGRAIA 
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The function of this circuit is to generate, upon pulie 
command, an output for a fixed time delay. 
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FIGURE 9 NO. 2 DEL' r CIKCUIT Tl^thlG 

The memory fliij-fli'p WZ-O .., pre8i.-i ut the beginning 
of a conversion b. tbe READ TRIGIjKH pulse ("zero" 
pulse). The output ■:•■{ W2-CU i8 Uierefore a "zero'. 



Traniiitor Tl-4 is blocking. Upon a "zero" pulse in- 
put (Pin 7) W2-G11 changes Btat« to an output of "one". 
This removes the clamp on capacitor C24-1 and permits 
it to charge toward the 15V zener supply through Dl-32, 
R21-8, and M73-1. Potentiometer M73-1 is used to 
adjust the time delay. (This adjustment is made at the 
factory.) When the voltage on C24-1 reaches the zener 
Z2-2 plus the Tl-4 base-emitter voltage, zener Z2-2 
conducts and transistor Tl-4 is turned on. This action 
resets flip-flop W2-G11 to a "zero". Resistor R21-3 
current limits the discharge of C24-1 through the out- 
put transistor of W2-G11. 



Pewsr Supply Switch & Analog Csfflplttlon Intirrupt 

Refer to Figure 10 for the circuit diagram and Figure 
11 for the circuit timing. 

The function of this circuit is to supply a ground path 
for the Word Drivers (WDPSS0) and the Channel Driv- 
er (CDPSS0), and to generate the Analog Completion 
Interrupt at the end of the conversion cycle. 
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FIGURE 10. PS SWITCH i ANALOG COMPL. INTERRUPT CIRCUIT 
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FIGURE V. PS SWITCH i ANALOG COMPL. INTERRUPT TIMING 

Xormallv, (under steady state conditions), integrated 
circuii NAND W2-F5 is a "one", thus, transistor T5-8 
is conducting and supplying a large base drive to the 
power supply switch transistor T7-1. Transistor T7-1 
is, therefore, normally conducting and providing a 
ground path to the word and channel drivers. Transis- 
tor T5-10 is normally blocking. 

When the end of an Integration period occurs, the in- 
verted output of the second rinj;' counter stage becomes 
a "one". Then, for the duration of the "one" output of 
the dela\ circuit number two, the output of W2-F5 is a 
"zero". Therefore, transistor T5-8 and T7-1 are 
blocking for this period of time. There is sufficient 
time for the word and channel driver SCR' s to turnoff. 
During this time transistor T.'S-IO pulls the interrupt 
signal to ground. 

When the output of the delay circuit number two returns 
to a 'zero", transistor T7-1 returns to the conducting 
state. This action returns transistor T5-10 to the 
blocking state, thus returning the interrupt signal to 
• 2u\'. This positi\e going pulse is recognized by the 
process interrupt l/O. 



The PSS OVERRIDE connection (Pin X7) from the Ana- 
log Trap (AT) module is provided so that upon detection 
of a multiple point selection, the Analog Trap circuitry 
can open the power supply switch. A "zero" signal on 
Pin X7 will open the power supply switch and, there- 
fore, stop the multiple point selection. 

AC Module Operation 

Refer to the 3AC4 schematic, vi') dwg. 74,3A343. 
(Fig. 11). 



If only the 120 PPS signal ie present. It can be seen that 
no matter what state the flip-flops were In to start, the 
Analog Control circuitry will come to a stand-still. 
This occurs when the output of all flip-flops Is "zero". 
In this steady state condition, all flip-flops are reset, 
which is the same state that exists following the com- 
pletion of each analog input sequence. 

The timing sequence of the Analog Control module is 
shown in Figure 12. 

The sequence begins with the 4 /is READ TRIGGER sig- 
nal from the span and gain (SB) module, which sets the 
DELAY CIRCUIT NUMBER ONE-FF via transformer 
Xl-1 and transistor T5-1 and resets all other flip-flops. 
The DELAY CIRCUIT NUMBER ONE-FF resets all 
counter modules via transistor T5-2 and times out 
DELAY CIRCUIT NUMBER ONE for 8 ms to permit 
sufficient settling time for the point, bus, and guard 
relays selected and the V/F converter. 

The timing sequence (Figure 12) shows three conditions 
for the READ TRIGGER pulse: 

A. For the latest possible READ 

B. For the earliest possible READ 

C. For a READ which was too late for maximum 
scan rate (4 ms before timing pulse). 

At the next 120 PPS timing pulse leading edge, following 
the 8. ms delay, the first stage ring counter flip-flop 
W2-C11 is set, which stops the reset of all counters and 
raises the output of NAND W2-D5 to a "one". The trail- 
ing edge of the 120 PPS timing pulse resets the DELAY 
CIRCUIT NUMBER ONE-FF, which also disables the 
counter reset and raises the final isolating gate input's 
to a "one" to enable all isolation gates. 

Each V/F converter output is transformer decoupled 
and isolated from the analog control circuitry via trans- 
formers Xl-2, Xl-3, Xl-4, and Xl-5. The outputs of 
the isolating gates to the counters is via transistors 
T14-1, T14-2, T14-.3, and T14-4 for V/F converters 
numbers 4, 3, 2, and 1 respectively. The isolating 
gates are enabled for one cycle of the power line fre- 
quency. 

At the leading edge of the next 120 PPS timing pulse, the 
second stage ring counter flip-flop W2-E11 is set, which 
maintains the "one" output of NAND W2-D5. The trailing 
edge of the 120 PPS timing pulse resets the first stage 
ring counter flip-flop W2-C11. 

At the leading edge of the next 120 PPS timing puise the 
DELAY CIRCUIT NUMBER TWO-FF is set and the time 
delay is started. The trailing edge of the timing pulse 
resets flip-flops W2-E11 and coincidently closes the 
isolation gates blocking the V/F output signals and 
opening the power supply switch. 
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During the two 120 PPS tlinlng perlodt the V/F oulput 
Ifolating gates were open for one cycle of the power line 
frequency. Thus giving the Analog-to-Digltal eystem 
Ite noise integration capability. 

The power supply switch is opened for 1.8 ms to drop 
out the Analog Input relays selected. Typically, 0. 6 
ms following the closing of the power supply switch, the 



analog completion interrupt Is set. 
log conversion cycle is completed. 



With this, the ana- 



Note that sufficient time is assured between the opening 
of the power supply switch and the earliest possible out- 
put of the new Analog Input addresses (approximately 
100 MS following the setting of the analog completion 
interrupt) for the previous relays to drop out before the 
newly addressed relays pick up. 
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1A01/1A03 - 10/11 BIT ANALOG OUTPUT MODULE 



GENERAL DESCRIPTION 



Resistor Network 



This card is used to convert binar\ , digital information 
into a \-oltage level. It contains 10 (11 for the 1A03) 
mercur\ -wetted contact, bistable relavs which switch 
resistors in a digital potentiometer to provide 1023 
(2047 for the 1A03) linear steps of voltage output. Each 
relay has a set and a reset coil. Each coil has a series 
diode for operation in a matrix and a parallel diode for 
voltage spike suppression. Resistors are included to 
provide a suppression ratio of 0.25 (as with a 1-5V out- 
put range) and 0, 125 (as with a 1-9V output range). 
With pro[)cr cables to an X panel, the card may replace 
2 conUict-closure output (CO) cards, or it could be 
switched with contacts or electronic switching. A block 
diagram of the card is shoun in Figure 1. 
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Any changes in the supply voltage to the network will 
cause the same percentage change in the output. The 
supply voltage should be regulated to better than that 
required on the output. The current drawn by the net- 
work will var\ from to a maximum depending on: 

1. The binary number set into the relays. 

2. The nature of the load. 

3. The zero suppression resistor (R^) used, if any. 

The maximum load is drawn from the power supply when 
the conductance of the resistors (including the load) be- 
tween the output bus and one power terminal equals the 
conductance of the resistors switched between the out- 
put bus and the other power supply terminal. For low 
resistance loads, this point may not be reached and the 
maximum current would be drawn when all the relays 
are set. This would be the case if the load conductance 
is greater than the conductance of all switched resistors 
and the zero suppression resistance, if used. For 
negligible load (high resistance), the supply voltage (E„) 
equals the full-scale output voltage (Eu). 

To determine the desired input voltage for an appreci- 
able load resistance, we must first define the following: 



FIGURE 1. APPLICATION BLOCK DIAGRAM 



E = Full scale output voltage 
H 



CIRCUIT SPECIFICATION 
Input Requirements 

Relav Coils 



I = Full scale output current 

H ^ 



E = Zero scale output voltage 



These coils are normaliv pulsed using word drivers, 
channel drixcrs and a power supply switch under pro- 
gram control. If they are switched otherwise the fol- 
lowing data can be used: 



I = Zero scale output current 



E^-E, = SPAN (or !_. - I. = SPAN) 
H L H L, 



T\pe; 

Resistance: 

Turns: 

Must Ojierate: 

Must Relcas(;: 

Max voltage at ;i5°C. 

.Max dissipation at 

35°C: 
Coil rise: 
Current (mA) , 
Operate time(ms); 
Series diode drop: 



Clare HGSM 52,1.-) 

675 n + 10% at 25°C 

4220 

6. 8 mA (28 A. T, Nominal) 

fi . s m A 

3.3V 

1,7,5W 



1 rc per watt 
12. V IS. 7 ,30.5 
1,6 1.1 1.3 

approx. 0. 7V 



54.2 
1.2 



<S-^L> 



suppression ratio or 



<Si - ^L> 



R = Load resistance 



G, = :r— = Load conductance 
L R, 



Zero suppression resistance 
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G = — = Zero suppression resistance conductance 
z R 

z 



R = Resistance of all switched resistors in parallel 
(250 n) 



G = =— = Total conductance of the switched re- 
T sisters (. 004 mhos) 



For high load resistances (voltage output), the necessary 
supply voltage can be expressed as: 



^S H * R, (1+s) 



For low load resistances (current output), the necessary 
supply voltage can better be determined as: 



Si^ 



H T 

(1+8) 



The maximum input voltage, and therefore the output, 
is limitef by heating in the 500 Q resistor. The maxi- 
mum voltage appears across it at approximately mid- 
range, either when it is switched up and all the others 
down, or vise versa. All the others in parallel ap- 
proach 500 fiso that the circuit may be approximated 
by Figure 6 with R^ = Rg = 500 n. 

The 500 Q resistor is calibrated at 25°C and has a 
temperature coefficient of +20 parts per million per 
°C or +0. 002%/°C. It has a temperature rise of 50°C 
per watt. To limit its change to less than 0. 1%, its 
dissipation should be limited to 1 watt, giving a maxi- 
mum voltage of 22. 5V across the 500 Q resistor. 

Using this criteria, a graph has been prepared (Fig. 2) 
showing the output voltage and current ranges that are 
allowable for the 3 suppression ratios, 0, 0. 125, and 
0. 25 that are available on the card. If other positive 
suppression ratios, (s), are desired and external re- 
sistors are added, the equations for calculating the 
boundary lines are: 



E^ = 2(22.5) 



(1 + s) 
(1 + 2s) 
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FIGURE 2. OUTPUT VOLTAGE AND CURRENT RANGES 

Output Rtqulrtmtnti 

The maximum output is covered under Input Require- 
ments in determining the input voltages needed to supply 
a given load. Since the network is simply a voltage 
divider, one end of the load is connected to the power 
supply common. All loads fed from one power supply 
must be capable of being tied to a common. 

Pewtr Riqulrimintt 

The current drawn from the supply varies {jarabolically 
with the binary number set into the relays. That is, as 
the output Increases, the power supply current tends to 
increase, reach a peak, and fall off again. (See Fig. 
3 and 4. ) In the case of a short circuited load, this 
degenerates into a straight line and the maximum cur- 
rent drawn is at maximum output and is 

Eg 



If the load resistance is less than 



2 (22.5) (1 + s) 



500 I, 



If a different maximum voltage is to be allowed on the 
500 n resistor rather than the 22. 5V limit set above, 
the desired voltage would be substituted for the con- 
stant 22. 5 in the above equations. 



(1+s)' 



the Inverted parabola never reaches Its peak and the 
maximum supply current also occurs at maximum output 
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and is 



«s 


+ 


(1+s) 



proportional to the worth of the bit they represent. In 
the typical case, some of the resistors are switched up 
and others are switched down. Call the parallel resis- 
tance of those switched up R^ and those down Rq. (See 
Fig. 5. ) The open circuit output voltage is 
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FIGURE 3. SUPPLY CUHREHT ^ITH WO LOAD 

If the resistance is greater than 



(1 . s) 



the peak of the inverted fiaralxila is reached at an inter- 
mediate point where the resistance connected to one 
power supply terminal equals that connected to the 
other and the peak current is 



Eg ( (1 ^ s) R^ 
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FIGURE 4. SUPPLY CURRENT WITH LOAD 
AND ZERO SUPPRESSION 



CiRCUiT uESCniPTiuN 

The relay resistor analog output system is in effect, a 
digital potentiometer. The resistors begin at 500 CI in 
the most significant bit and each succeeding one is 
double the one before it. Thus their conductance is 



<«A ' «b' 



where Eg is the supply voltage. It is easier to work in 
terms of conductance G and the output voltage is then 
expressed as 



^A ^ S 



Note the numerator is G 



A- 



The denominator is con- 



stant (G„) since it is the sum of the conductances of all 
the resistors and is approximately 1/250 or 0.004 mhos. 
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FIGURE 5. LOAD D/AGRAM 



Assuming a well regulated power supply, the internal 
impedance of the supply is negligible and the Thevenin 
looking-in resistance is simply all the resistors in par- 
allel or approximately 250 n. The Thevenin open-cir- 
cuit voltage is proportional to the binary number set in- 
to the relays. With all resistors switched up, the open 
circuit output voltage is the supply voltage Eg. (See 
Fig. 6.) 
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FIGURE 6. OUTPUT WITH NO LOAD 
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If an appreciable load is added, the full scale output 
droops but the output remains linear since the Thevenin 
looking-in resistance remains constant. The supply 
voltage can be raised (see Input Requirements) to bring 
the full scale output up as desired. Another way to look 
at it is to consider the 
being added to Gr,. The rutput then is 



loiid conductance a constant Gt 



In this case, It is 0. 004 x 0. 25 or 0. 001 mhos. The 
resistor needed is 1000 Q, regardless of load for s = 
0. 25. The necessary supply voltage Eg is that needed 
to give the load voltage plus the drop across Ga and 

G . = Gj and the load voltage is E,, 

I, 



Gy. At full scale 



S 



= E. 



H 



<S^S 



G, ) ■^S 



°T ^ °L 



where the denominator is fixed tor a fixed load. To 
achieve a positive suppression as, for example, a 
range of 1-5V, a zero suppression resistor (R^) with 
a conductance G^ can he <i(ldrd in paraliei with'^i. . 
The output is then 

G. - G„ 



Substituting 
I, 



H 



we get 



r— and G, 



R 



H 



R^(l-^8) 



G^ = (1 



s)(G^) 



- illli 



For the low end output d 



O inri 



For low resistance loads where the network acts more 
like a current source it la more convenient to substitute 



Ij^Rj^ and (G^ 



*S) 



ii^sl 
R.„ 



'out " (G^ • G^ ■ G^) "^S 



as t)efore and use 



while the high cnc; oiitput is 



S • "z 



<S ' "^-L 



G„) ^S 



since G;^ ■ G-r.. 1 fii- ■.littVrt'nce betv.i^f-n iht;se two is 
called the SPAN. Tr.c supprcMbKin ratio is ihe iow end 
■■/alue divided In the SJ'AN, m this case (l/(,')-l) ) or 
0.25. (See Fig. 7. ) 
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FIGURE 7. OUTPUT WITH LOAD AND ZERO SUPPRESSION 

As It turns out, the require; '.-ro suppression conduc- 
tance G^ IS the potentiometei total c ■.nductance G~ 
times the suppression ratio or R™ 
R.„ 



R. 



- 2o0/s 



In the sample case (Fig. 5) 



^S " Hl^L ' (1 + s) 



li.50 



2000 (1- 0.25) 



- .i.5V 



Two, zero suppression resistors arc- furnished on the 
card and can be jumpered in on the terminal blocks. 
They are R178-2 (1000 U for a 0. 125 suppression ratio). 
Current drawn from the supply varies parabolically with 
the number set into the relays. For high resistances it 
is a maximum when the conductance above the output bus 
equals that below. The maximum supply current is 
Es (^''■*)(G, + G + G ) which may oe expressed as 



S .m^R^ o 4R^ 4R^ 



In the sample case with R ^ 2000 12, the maximum sup- 
ply current is 



5. 5 X 



1.25 



, 1000 ^000 

\ / 



= 5.5 (0.00125 ■>- 



0.000125) = 0.00758 A 



As the load resistor is decreased, its conductance Gt 
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increases and the peak current is drawn from the power 
supply closer to full scale. When G, exceeds G^ + G^, 
the peak is never reached and the peak current is that 
drawn at full scale. In terms of resistors, this occurs 



if 



^L ' (^ 



Z T 



«T> 



Substituting R~ = 250 and R2 = 250/s gives the criteria-, 

.fR < ^^, 
L (1 - s) • 



The output increases linearly with the binary number set 
into the relays . Thus , maximum output is achieved by 
picking up all relays: and zero scale, by droppingout 
all relays. Picking up the most significant bit relay, 
500 n resistor and changes the output by 50% of the span. 
The next relay gives a 25% change, the next 12. 5%, etc. 
The bit pattern set into the relays must be thought of as 
a binary fraction with the binary point to the left of the 
most significant bit furnished on the board. This pattern 
represents the fractional part of the range to be output. 
In this way, 100% of full scale is only approximated 
within 1 step, but the voltage supply is generally adjust- 
ed for 100% output with all relays up. 



the maximum power supply current is drawn at full 
scale and is 



R, 



250 
(1 + s) 



The percent of full scale at which this occurs is 50 
/ R„ \ 



1 



R, 



in the sample case, this is 50 



/ 



0.25 



250 
2000 



% = 43.8% 



(If this exceeds 100%, the value at full scale must be 
used as covered above. ) 
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FIGURE 10. 1A03 ASSEMBLY (RBF. DWG. 84SA313. SUB 3) 
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1A02 - 5-BIT REVERSIBLE ANALOG OUTPUT MODULE 



GENERAL DESCRIPTION 

This card is used to convert binary digit<J information 
into a current or voltage level. A typicai load is a low 
resistance, electrically isolated, magnetic amplifier 
control winding. Using a 25V power supply, two nom- 
inal output ranges are available, 10-0-10 mA and SO-0- 
80 mA. 

The card contains 7 mercury-wetted contact, bistable 
relays, 5 of which switch resistors in a digital poten- 
tiometer while the other 2 reverse the polarity of the 
load. With 5-bit accuracy, 32 linear outt:)ul levels are 
available in either direction. With zero output being 
included for each polarity, 63 discrete output levels 
are possible. The impedance seen by the load will be 
constant, regardless of level. This card can be plugged 
into a contact closure output slot and an "^-pair cable, 
MHO (originally used with the CB card) will connect its 
output to 1 terminal block on the "half shells". The 
same cable used with the CCO's may be used, connect- 
ing to suitable terminals on the half shell terminal 
blocks. 

CIRCUIT SPECIFICATION 
Input Rtqulrimtnti 

Relay Coils 

These coils are normally pulsed using word drivers, 
channel drivers and a power supply switch under pro- 
gram control. If they are switched otherwise the fol- 
lowing data can be used: 



Resistance: 


675 a + 10% at 25°C 


Turns: 


4220 


Must Operate; 


6. 8 mA (28 A. T. Nominal) 


Must Release: 


6.8 mA 


Max voltage at 35°C: 


35V 


Max dissipation at 35°C: 


1.75W 


Coil rise: 


14°C per watt 


Current (mA): 


12.7 18.7 30.5 54.2 


Operate time (msec): 


1.6 1.4 1.3 1.2 


Series diooe drop: 


approx. 0. 7V 


Resistor Network 





Nominal input voltage is 28V dc. Any change in input 
voltage causes the same percentage change In the output 
current. The maximum current drawn from the power 
supply when using the 80-0-80 mA range occurs at full- 
scale output and is 28V/ (326 + Rl) where Rl is the 
load resistance including line resistance. If Rt = 0, 
the current is 85.4 mA, which is also the maximum out- 
put current. To go to the 10-0-10 mA range, additional 
resistance is inserted in series with the load and the 
maximum current is drawn from the supply when the out- 
put is about 55% of the full-scale, and is about 31 mA, 
assuming a short circuited load. Beyond 55%, the cur- 
rent decreases again until at full-scale it is 



28 



(256 + 2470) 



Type: 



Clare HGSM ,')Li;i5 (1142 for 
reversing) 



or about 11 mA, which is the output with zero load (in- 
cluding line) resistance. 
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Output Riquirtmiflti 

For the 80-0-80 mA range, the load is connected to X3 
(+) and X2 (-). Two, 35 Ji current limiting resistors 
on the card are in series with the load to avoid damage 
in case of connection errors. If the power supply has 
negligible internal impedance, the switched resistors 
can be considered connected in parallel when calculat- 
ing the resistance as seen by the load. Thus, the load, 
which may be a magnetic amplifier winding, will see a 
constant resistance regardless of the output level. All 
the switched resistors in parallel equal about 256 Q. 
The total resistance as seen by the load is 256 + 2x35 = 
326 n. 

To use the 10-0-10 mA range, additional resistance (2- 
1200 Q) is inserted in series with the load when connect- 
ing to the 10-0-10 mA output terminals X9 (^ ) and 
X7 (~). This raises total resistance seen by the load 
to about 2730 n. 

Note the output is linear, that is the steps are even, re- 
gardless of load. Also note that a single power supply 
is used and reversed polarity output is obtained by 
switching the load leads. This requires the load to be 
electrically isolated. If it is not, individual isolated 
power supplies would be needed to supply reversed- 
polarity output to loads connected to a common. 

Other ranges could be achieved by varying the input 
voltage, adding series load resistance, or connecting 
the load across X3 and X7 so that only one 1200 Q re- 
sistor would be in series with the load. This would 
give a looking in resistance of 1491 n. 



On the 80-0-80 range, the voltage needed may be deter- 
mined as the full load current times (326 -•■ R^) where 
Rt is the load resistance. On the 10-0-10 range, use 
2656 instead of 326. Nominal voltage is 2SV. 



Changes in input voltage are reflected directly as output 
changes. The supply regulation should be as good as, or 
better than, the desired output stability. With 3% steps, 
a 1% supply is recommended. 

CIRCUIT DESCRIPTION 

Five resistors, whose conductance is proportional to the 
binary bit they represent, are connected to the output bus. 
Their other ends are switched by relay contacts to either 
the positive or negative supply terminal which can be con- 
sidered the output common. The open circuit output volt- 
age is proportional to the conductance switched to posi- 
tive. Two other relays reverse the load on the output 
terminals to provide negative output. Two 35 fj resis- 
tors limit the current in the load circuit in case voltage 
gets connected to it by mistake. Two 1200 n resistors 
limit the output if the nominal 10-0-10 output range is 
desired. 

Note that in outputting binary information to this card, 
the magnitude of the step must be output to bits 0-4 (7- 
11) and Is always handled as a positive number. Bit 6 
(13) can be considered as the sign bit (0 is + and 1 is -), 
while bit 5 (12) will be Ita complement. The bit pattern 
for a positive step 3 is 0100011 while a ne^tive step 3 
requires 1000011. 



Contact protection is furnished across the reversing 
contacts which are the bridging type. 

power Raquirtmintt 

Input and output are generally limited by heating in the 
500 Q resistor which is rated 5W. However, the dis- 
sipation must be limited to less than this U5 avoid board 
damage. With 120 mA output on the bO-0-80 range, the 
dissipation would be about 1. 8W which has been found 
safe. If higher outputs are needed, they should be 
checked experimentally. 
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4A01 • HIGH SPEED ANALOG OUTPUT 



GENERAL DESCRIPTION 

The High Speed Analog Output subsystem is comprised 
of one or more 4A01 cards. Each card contains two 
analog output circuits, and can be used in slots 1 thru 
14 of a D-Panel. Each card provides high speed con- 
version of the digital input from the computer to an an- 
alog output. An application block diagram Is shown In 
Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

SPECIFICATIONS 
Input Rtqulrimintt 

• The half-select input, H (n) i and 6i6 (n), re- 
quires a minimum 11. OV, 4 ^sec pulse. 

• The data input (0D13 etc. ) require logic level 
signals of "zero" (1. IV max) and "one" (4.4V min). 

Output Riqulrtmenti 

• The load resistance should be less than 20 ohms 
for current output. 

Power Requirements 

• + 27V, +10% - 15%, 230 mA 

• + lOV, +0.01%, ,30 mA 

• - 15V, iO.01%, 80 mA 
Output Ranee 

• -10 to to + 9. 844mA, using 6 bits for magni- 
tude (64 steps) and 1 bit for polarity (bit 13 for A(^ No. 
1, and bit 6 for A0 No 2). 



Addriiiini 

• The program would address the cards using the 
normal direct channel output instruction. 

Aeeuracy 

• 0. 78% of full scale. 

Speed 

The time conBtaJit of the output amplifier 1b 
30 ^sec. The response is 50 ^sec -•- time delay due to 
programming. 

CARD EDGE MNEMONIC BREAKDOWN 



Mnemonic 


35 Pin ELCO 


Control Winding (Pos) of 


XI 


Magnetic Amplifier No. 1 




Control Winding (Neg) of 




Magnetic Amplifier No. 1 


X2 


Feedback (Connect to XI) 


X5 


Test Point 


X6 


Ground 


XIO 


+ lOV Return 


X12 


-15V Return 


X14 


+ 10V 


X16 



Control Winding (Neg) of 
Magnetic Amplifier No. 2 


X21 


-15V 


X24 


Test Point 


X33 


Feedback (Connect to X35) 


X34 


Control Winding (Pos) of 
Magnetic Amplifier No. 2 


X35 



CIRCUIT DESCRIPTION 

Each analog output card has two output circuits; where 
bits 0-6 provide one analog signal (A0 No. 2), and bits 
7-13 provide another analog signal (A0 No. 1). The 
digital-to-analog conversion for one circuit is as follows 
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Dieital Input 


AaaloK Output (mA) 


1000000 


-10 


1010000 


-7.5 


1100000 


-5.0 


1110000 


-2.5 


0000000 





0010000 


+2.5 


0100000 


■t-5.0 


0110000 


+7.5 


— 0111111-" — 


+9.844 


(bit 13 or (bit 7 or 




bit 6) bit 0) 





The entire output characteristic curve is shown In Fig- 
ure 2. 




FIGURE 2. OUTPUT CHARACTERIiTIC CURVE 

Each of the two output circuits can be separated into 
functional elements as shown in Figure 3 

Reglsttr Circuit 

In the register circuitry (see Fig. 4) a logical "one" 
is defined as 14. 3V and a logical "zero" is + 7. 5V . 
Under normal steady-state conditions, no voltages are 
included in the transformers and signals DO, Dl, and 
SAMPLE are logical "one' s". Tha NAND flip-flops 
may be in any state. 

















OUTPUT 
DATA 




CHANNEL 
HALF SELECT 









, n" 


. 


-1- 


1 




1 


REGISTER 






1 

1 


V 




1 

1 

1 


DIGITAL TO 

ANALOG 
CONVERTER 




1 

1 

1 


1' 




1 

1 
1 
1 


CURRENT 
PUMP 






ANALOG 
OUTPUT 
CIRCUIT 


OUTPUT 


, 



FIGURE 3. OUTPUT CIRCUIT FUNCTIONAL DIAGRAH 



When a 4 /isec half-select pulse is applied to terminal 
L2, transformer X15 is pulsed and capacitor C20 begins 
charging, thus saturating transistor Q (in a NAND) for 
the fir st part (n ominal i) of the 4 fisec. This grounds 
signal SAMPLE, tending to turn all the flip-flops off 
(BO and Bl go to "one's"). Meanwhile, transformers 
XI and X2 are being pulsed. If data line 0DOO has a 
zero on it, winding 1-2 will be shorted and signal DO 
will not deviate far from + 14 . 3V, remaining a logical 
"one". Therefore, SAMPLE going to +7. 5V will deter- 
mine the final state of the flip-flop (0). 

If, however, data line ODOO has a "one" on it during 
the 4 jisec half-select time, a voltage will be induced 
in winding 5-6 causing signal DO to be driven in a neg- 
ative direction until diode Dl-15 conducts, clamping 
DO 1 diode drop below + 7.5V, which is a logical "zero". 
Flip-flop out put BO is at a "one" as well as BO. How- 
ever ,_Blgnal SAMPLE will return to^ "one" sooner 
than DO (since XI 5 Is capacitively coupled to Q) allowing 
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FIGURE 4. RECISTEK CIRCUIT 



BO to go to zero and leaving the fl ip-flop i n the "r,ne" 
State. The basic criteria is that SAMPLE must jro Ui 
zero Ions; enouj^h to switch the flip-flop off and the D 
signals, if they switch, must remain at zero long enough 
after SAMPLE returns to a "one" to insure the flip- 
flop staying on, 

□ igital-to-Analog Converter Circuit 

Each digilal-to-analog converter (\V'5) contains: 

• one !-b}t buffer amplifier 

• one 4-bil ladder switch 

• one i-bit ladder network 

The buffer amplifier network, shown in Figure 5, 



<H-I4,3V 




, OUTPUT 

'3^3K TO 

~^^ LADDER 
6.7k4 switch 



INPUT 



-lOV 




contains four, isolated PNP inverter stages which oper- 
ate from common emitter and collector supply voltages. 
When used with a positive emitter supply, it can drive 
both plus and minus current to a ladder switch network. 

Ladder Switch Network 

The ladder switch network, shown in Figure 6, consists 
of four, double-throw analog switches. It is intended to 
drive the digital-to-analog resistor network. The inputs 
of the ladder network switch either to -^ lOV or to ground. 
It IS designed to be driven from a plus and minus signal 
input such as the buffer amplifier. 
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FIGURE 6. LADDER SWITCH NETWORK 



FIGURE 5. BUFFER AMPLIFIER NETWORK 
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4-Bit Ladtfir Nitwarfc 

The ladder network, shown in Figure 7, is a precision 
resistor network intended for digital-to-analog conver- 
sion. Inputs A, B, C and D are connected to the ladder 
switch which is switching either to + lOV or to ground. 
The open circuit output voltage is 1/2 the voltage at in- 
put A, plus 1/4 the voltage at B, plus I/8 the voltage at 
C, and so forth. Thus, the resulting open circuit out- 
put voltage is a properly weighted sum of the individual 
binary bits. 



Rjj^g can be adjuBted for zero offset so that when i^ 
200 ^A, 12 " 0. R3 can be adjusted for full scale so 
that when 1^ 



0, !„ = -10 mA. 



A curve showing the complete input/output current re- 
lationship of the current pump Is shown In Figure 9. 
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Curr*nt pump 

The current pump, shown in Figure 8. consists of an 
operational amplifier, a current booster circuit (B), 
and three resistors. It is designed to operate as follows: 
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FIGURE 9. CURRENT PUHP IHPUT/OUTPUT CURVE 
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FIGURE 8. CURRENT PUUP DIAGRAM 
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4AP1/4AP2 - ANALOG POINT SELECTION MODULE 



GENERAL DESCRIPTION 

The Analog Point selection module contains 14 iden- 
tical relay circuits and one bus-guard relay circuit 
which are used to connect a selected analog input 
point to the voltage-to-frequency converter. The 4AP2 
card differs from 4AP1 card by having a high output 
impedance voltage source connected across the PLUS 
and MINUS busses used for open input circuit detection. 
An application block diagram of the Analog Point se- 
lection card is shown in Figure 1. 















^ 




ANALOG 




AN*ux; 




UMStH 






INPUT 




CHANNEL 




wouc 






TERMINATIONS 




OOIVOI 




DRIVER 




I 




K> 


S 










1 - 


o 

3 


1 


s 


-c 

s 


c 








ANALOO 






INPUT 






MODULE 






4API OR 4AP2 






S 


■^ 


in 






f 


§ 


X 

i 


t 




FROM 
















t>P GWTOS 












1 

V 


F 








CONVCKTEB 






_. 




















^ 



FIGURE ;. APPLICATION BLOCK DIACRAt* 

CIRCUIT SPECIFICATIONS 
Input Requirements 

Thr \Mird dri\cr input UT) (n) rc^quires a conducting 
path to the - 10 V power suppU if the word is selected. 

The channel driver input CD (n) requires a conducting 
path to PSC if the channel is selected, otherwise it is 
- 26 \. 

The channel driver bit inputs, CD (n) bits through 13, 



require a conducting path to PSC if a bit is selected. 



otherwise there are - 26 V. The analog inputs are 
D. C. voltages either in the 0-50 mV range or in the 

0-5 \' range. 

The guard is to be connected to the shield of the analog 
input signal. 



Output Raqulrinitntt 

The PLUS, MINUS and GUARD outputs are physically 
connected to the selected analog input. These are to 
be connected through the analog bus to the input of the 
voltage-to-frequency converter. 

Powtr Riquirtmtnts 

For the 4 API module, no connection to any power 
supply is required. For the 4AP2 module, connections 

to + 26 V and PSC are required. 

CIRCUIT DESCRIPTION 

Figure 2 shows the bus and guard relay circuit and one 
of the 14 input relay circuits. The figure also shows 
the connections to the analog input subsystem. When 
word WD (n) is selected the word driver SCR is turned 
on and provides * 10 V to the common of the relay coils. 



^^zy^ 




FIGURE 2. BUS, GUARD AND INPUT RELAY CIRCUIT 
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When channel CH (n) Is selected, the channel driver 
SCR' s are turned on (only one bit should be selected 
out of the 14) which now provide current to PSC through 
the power supply switch for the guard relay (MlO-16) 
and one of the point relays (MlO-1). The guard relay 
contact, after a small time delay, will then energize 
the bus relay (MlO-15). 

Since all the point relays, bus relays and guard relays 
are mercury-wetted contact type, the input point relay 
contacts and guard relay contacts will close first, then 
the bus relay contacts. When the power supply switch 
opens the SCR' s cut off and the relays drop out. The 
time sequence of operation is shown in Figure 3. 



The 4AP2 module contain* exactly the same circuits as 
the 4AP1 module, except that a high output impedance 
voltage source is connected across the PLUS and MINUS 
busses. This voltage source generates a -50 mV signal 
which is recognized by the computer as an open circuit 
indication. 

The voltage source Itself (ref. 4AP2 module schematic) 
consists of an oscillator which is energized by the -•- 26 
Vdc supply. This oscillator is transformer coupled to 
a rectifier circuit, which is producing the required 
SO mVdc signal. 
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FIGURE 3. SEQUENCE OF OPERATION 
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2AT3/2AT1/1SR1 - WORD AND CHANNEL TRAP 



GENERAL DESCRIPTION 

The basic principle of operation is to sense (as an an- 
alog voltage) the state of each word and channel driver. 
It is expected that one (or less) channel driver and one 
(or less) word driver per V/F converter, will be con- 
ducting at any time. Thus, five detector circuits 
measure the analog summation of voltages produced 
by these drivers. Should the expected summations be 
exceeded, multiplexer disabling and fault interrupt 
results. 

CIRCUIT OESCRtPTtON 

The only difference between the 2AT3 and 2AT1 is the 
value of resistors R26-3 and R53-2. However, circuit 
operation is identical. Resistor-diode summing cir- 
cuits (ISRl card) are provided for connection to the 
respective driver SCR's. This configuration is shown 
in Figure 1. 




rO POWfH SUPPIV SWITCH *C CARO 

(TwfM3 Q, PO*€B SU«*-,V COM) 

VIA HiL.ER Rim fftT 



FIGURE 1. WORD AND CHANNEL TRAP CONFIGURATION 

The detectors (on 2AT3) monitor current provided by 
the summing resistor networks, that causes, a reaction 
when any of the five possible currents (channel, word 
group #], word group #2, word group #3, or word 
group #4) exceed a level greater than was expected to 
be produced by a smgle conductive SCR. The detectors 
are emitter-coupled differential amplifiers with par- 
alleled outputs. 

Noise rejection is aided by, a zener diode threshold 
followed by a filter and a common emitter switch am- 
plifier, which further processes and amplifies the 



detector output signal. This circuit then drives an SCR 
relay puller that forms a sort of last line of defense by 
the "KILLER RELAY" which physically interrupts the 
matrix input current by opening series, normally-closed 
contacts upon failure detection. Reset of this circuit 
can occur only upon manual removal of either the 2AT3 
card or the AC card, or upon normal power supply 
switch operation on the AC card. 

Normally, failure detection causes a mono-stable multi- 
vibrator (on 2AT3) to trip, causing a fault interrupt 
signal to be initiated and simultaneously generate the 
power supply switch override signal to the analog con- 
trol (AC) module. For nominal AC card behavior this 
signal will disable the power supply switch, again 
cancelling existing word and channel driver activity. 

Since this action is faster than either the point relays 
or the "KILLER RELAY", all rclavs are prevented from 
picking up. However, if the power supply switch is not 
nominal, the "KILLER RELAY" will operate as describ- 
ed previously. 

The estimated maximum tolerable time from trip until 
Fault Interrupt action (i. o. , setting of the correspond- 
ing ckt. core) is approximately 1/ 2 ms. 

NOTE 

No contact protection is pro\ ided for the 
"KILLER RELAY" and for that reason, be- 
cause point relay damage may have been 
sustained whenever the fault was cleared 
solely by "KILLER RELAY" operation, it 
is recommended that these contacts be care- 
fully inspected prior to restarting under such 
conditions. This will be recognized as a 
complete disabling of the analog multiplexer 
with the "KILLER RELAY" continuously 
picked-up. 

The effect of either of the modes of failure behavior 
discussed previously is, unfortunately, related closely 
to the type of failure and when it occurred in the cycle. 
It is doubtful if this failure can be :idequately predicted. 
Accordingly, the analog input programs should expect, 
upon receiving an analog Fault Interrupt, that the pre- 
vious converted input quantities arc suspect, as are 
subsequent quantities. It is possible for more than one 
seemingly valid analog completion interrupt to occur 
incorrectly. It is at this point that the programs should 
abort current scan operation and, after a delay of more 
than 35 ms, scanning can be reinitialized. 
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FIGURE 3. 2AT3/2AT1 SCHEMATIC (REF. DWG. 743A394, SUB 6) 
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FIGURE 9. 2CB7 2CB9 AJSEMBLV IREF. DWG. 743A356, SUB 10) 
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F/CURE JO. 2CB7'2CB9 SCHEHiATIC (REF. DWG, 743a3S«, SUB 10) 



(ON TACT INPUT BUFFER MODULKS 



2CB4 
2CDr> 

2cn« 

2CB7 
2CBH 



General Description 

The module is used to input 14 bits of data from contacts or switches to the I/O inter- 
face. The module contains 14 Identical transformer isolation circuits and a common 
trigger output circuit. 
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Figure I 

The module type suffix denotes various input filter options to accommodate standard 
pDwer supply voltages and switching arrangements. 



2CB4 
2CB5 
2CB6 
2CB7 
2CB8 



48 Volt, standard filter 
26 Volt, non-filtered 
125 Volt, standard filter 
48 Volt, low energy filter 
26 Volt, data link filter 



13, Circuit Specifications 

I. Input Requirements 

a. Inputs from contacts or switches 

The inputs to the module from the contacts or switches are either a d.c. voltage 
level or zero volts. The presence of the voltage produces a "one" input to the 
input interface while zero volts produces a "zero" input to the input interface. 
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Nominal 




Voltage 


Inrush reaistance/bit 


48 


13K 


26 




125 


43K 


48 


65K 


26 


511 



The nominal magnitude of the input voltage level at the module and the inrush re- 
sistance of each bit of the modules are: 

Module Type 

2CB4 
2CB5 
2CB6 
2CB7 
2CB8 

b. Inputs from Channel Half Selects 

The half select winding (Row HS and Col HS) require a minimum 11 volt, 4 micro- 
second pulse. 

2. Output 

a. Output to I/O interface (input data) 

The data output is a minimum 6 volt, 4 microsecond pulse to the I/O interface. 

b. Output to power supply switch trigger 

The output is clamped at approximately at a one volt level until the power supply 
switch is reset. 

3. Power 

The only power connection required by this card is the negative side of the 48 or 125 
volt power supply. 

C. Circuit Description 

I. Data (2CB4, 2CB6 and 2CB7 modules) 

Figure 2 illustrates one bit of the 14 bit data buffer register. 

Transformer: 

Winding 5-6 is primary, N turns 
Winding 3-4 is secondary, N turns 
Winding 1-2 is tertiary, 2N turns 

Filter 

Type RA RB CA 

2CB4 13K 5K . 5 mfd 

2CB6 43K 5K . 5 mfd 

2CB7 65K 25K . 1 mfd 
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When the remote contact closes, a voltage across capacitor CA will build up as de- 
termined by the component values of RA, RB,CA. When the remote contact opens, 
the voltage across capacitor CA will decay as determined by the component values 
of RB and CA. 

When the channel half select circuits are energized, the transformer primary wind- 
ing and series IK resistor will have an applied pulse of about 4 microseconds dura- 
tion and 12 volts m;ignitude. The energy available from the primary winding will be 
"auctioneered" to either the secondary or tertiary windings, depending upon their 
relative impedances. I f the capacitor CA is charged, the tertiary winding appears 
as a high impedance and most of the pulse energy is available at the secondary wind- 
ing to supply an output pulse. When the capacitor CA is discharged and acts like a 
short circuit across the tertiary winding, the pulse energy will be transferred to 
the tertiary winding and absorbed in charging the capacitor. There will now be 
sufficient voltage across the secondary winding to produce a "one" signal to the 
pulse output circuit. The IK resistor in series with the primary winding provides 
current limiting. The diode DB prevents a negative pulse output on inductive fly- 
back. 

2. Data ( 2CB5 Module) 

Figure 3 illustrates the input portion of one bit of the 14 bit data buffer register. 
The transformer primary and secondary circuits are the same as shown in Figure 
2 . 

The operation is similar to that described for the 2CB4, 2CB6 and 2CB7 modules 
except that the impedance on the tertiary winding is dependent upon the state of SCR. 
When the SCR is blocked, diode DA is reversed biased the tertiar^ windin"' a^f^ears 
as a high impedance, and an output pulse is generated. If the SCR is conducting, 
the tertiary winding is essentially shorted and no output pUlse is generated. 
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3. Data (2CB 8 Module) 



Figure 3 



Figure 4 illustrates the input portion of one bit of the 14 bit data buffer register. 
The transformer primary and secondary circuits are the same as shown in Figure 
2. 
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The operation is similar to that described for the 2CB4, 2CB6, and 2CB7 modules. 
The difference is that the voltage across capacitor CA is controlled by the state of 
SCR. The time constant for charging the capacitor is influenced by the value of the 
external resistor R. 



4. Control 



The module contains a transformer isolated SCR used for detection of selection of 
the module channel half select circuits. When the transformer primary windings 
are pulsed, the detector SCR turns on. The SCR must be turned off by remote 
circuits. 

Note that all of the 14 data transformer primary windings and the SCR transformer 
primary windings are pulsed at the same time. 

The schematic diagrams for the 2CB series are included with this description. 
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4CD1 - CHANNEL DRIVER MODULE 



GENERAL DESCRIPTION 

This niodult' (CD) is used to provide a 14 bit channel 
ilnvor output to the l/O subsystems. It contains 14 
iticntical SCR circuits and one gate triggering circuit. 
■■\n application i)lock diagram is sho\Mi in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

I'he half-scloct inputs, (i 6 (n) and f) >i (n). require 
:i minimum 1 1 \'. 4 ^s pulse. 

Thr daUi inputs (OD13, etc. ) require logic level signals 
I if "/orn" (1. 1 \' max. ) and "one" (4. 4 \' niin. ), 

Output Requirements 

i'he (lri\t'r output (CD (n) Bl.'i. etc.) requires a "zero" 
tor selected bit and a "one" for unselected bits. 

CI) (n) ('(inimoii is normal!) tied to PSC through the 
P'lwor supph switch, to reset the SCR circuits, this 
must be opened for a minimum of 150 ^is. 

Power Requirements 

2l'< V is required for card operation. 

CIRCUIT DESCRIPTION 

lO.ich (if the 14 bits of the channel driver consists of an 
^'CR v.\\.h a zcner diode threshold in the gate circuit and 
a ihrec^ winding gate trigger transformer. In addition, 
there is another SCR on the card which senses the sel- 
ection of the channel and sends a trigger to the power 
suppl\ switch (CD (n) TRIG). Figure 2 shows the dia- 
;iram of one channel SCR and associated circuitr\-. The 
idnnections to the power supply switch are shown in 
dotted lines. 
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FIGURE 2. ONE CHANNEL SCR CIRCUIT 

Initially the output transistor of the [lower supph suiteh 
is saturated (conducting hea\ily) so that if a positi\'e 
trigger pulse is applied between the gate and the cathode 
of Sl-1, the SCR will edndiict. 

The gate circuit consists of xener diode Z7-1 in scries 
with the sec(in(iar\ winding ('!-4) of the trigger tnin,s 
former. The tcrliai\ winding (\-2) of the trigger trans- 
former is connected through diode D7-1. When tbe in- 
put is a logical "one" diode 1)7-1 is reversed biased 
which open circuits the tertiar\' winding. If the inpul 
is a logical "zero", D7-1 is grounded which short.s nut 
the tcrtiar\ \\inding. 

It can be seen that when a pulse (channel half-select 
0H (n) an<l ^ 6 fi (n) ) ajipears across the prima r\ 
winding (.')-(i) the logic le\'el of the input line '.\ill de- 
termine the voluige on the secf>ndar\ (.'i-4). 

With the input a logical "one", the secondar\' i'-'-i) will 
have a voltage induced in it which triggers Sl-1 and 
drives its output to a logical "zero". This occurs be- 
cause -> 26 V tied to R22-1 will conduct through the 
power supply switch to PSC. 

With the input a logical "zero", no voltage will be in- 
duced in the socondar\', the SCR will not conduct and 
therefore the output will remain a logical "one". 

The zener diode in the gate circuit is needed since the 
tertiary winding is never completeh short circuited. 
Losses in diode drop and transistor saturation drop ac- 
count for a small pulse across the secondary wmdiiin 
when the input is a logical "zero". When the input is a 
logical "one" and the particular channel is selected. th( 
SCR's will be triggered in response to the half-select 
pulse. The SCR will remain in the conduction state 
until the power supply switch turns it off. 



The operation of the circuit is explained as follows. 
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FIGURE 3. 4CD; ASSEMBLY (REF. DWG. 743A39;, SUB 3) 
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FIGURE 4. 4CD1 KHEUATIC (REF. DWG. 743A39I, SUB 3) 



5CL1 - CALIBRATOR MODULE 



GENERAL DESCRIPTION 

This niodule is used in the analog input subsystem to 
provide accurate voltage references for system cali- 
bration, RTD measuring circuits for measurement of 
the thermocouple cold junction temperature, and a 
power supply switch circuit used in conjunction with 
the span driver circuits (see SB module). An appli- 
cation block diagram is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

input Requirements 

The channel in half-select input requires a minimum 
11 \'. 4 ^s pulse. 

Bit 7 input requires a logical "one" if selected and a 
logical "zero" if not selected. 

The RTD inputs require a 100 ohm, 3 wire RTD con- 
nection. 

Output Capabilities 

The reference voltage outputs provide analog voltage 
signals of; 



\' = 0.0:ii)h7 



1 



4.4268 



0.01';; 
o.on, 



The RTD bridge outputs are 0-50 mV analog signals. 

The power suppl\' switch output is normally clamped to 
PSC. 

The maximum current that can be carrieiJ. by the switch 
is SfiO mA. .-^fter the trigger signal the switch opens 
for a period of 100 ^s. In the non-conducting state the 
output is at - 26 V. 



Power Requirements 

Connections to + 26 V and PSC are required. 
CIRCUIT DESCRIPTION 

Since the 5CL module contains 3 functionally independent 
circuits, each of these are described sejjarately. 

Voltase Reference Circuit 

The circuit diagram of the voltage reference circuit is 
shown in Figure 2. 



--(3] — 



LOIO OF 
RTD > 

eniocE 

aROjrrs' 



:r72-? I r 

TP<+1 



^2 



R72-I 
Z2KtOOI*/. 



RI3-I I 



, 1. 



TCK5-2 



s^Sfs^S?^ -" 

TO ANALCK INPLTT CARD 



FIGURE 2. VOLTAGE REFERENCE CIRCUIT 



The incoming power supply voltage (+ 26 V) is fed U> a 
voltage regulator, M.3fi-1, which is a voltage clipping 
circuit containing zener diodes. Since the voltage refer- 
ence divider circuit. R72-1, R72-2 and R86-1, and the 
load of the RTD Ijridge circuits constitute a constant 
load, the voltage V (measured between test points TP 
(t ) and TP (-) will be a stable reference voltage. This 
voltage is adjusted by potentiometer M18-1 to 8.81,T8V 
using a standard cell. 

The reference voltages, determined by the resistance 
values of R72-1. R72-2 and R86-1, are V = 4.4268V, 
V = 0.03987V. 

These voltages are used to check the accuracy of the 
V/F converter. 

RTD Bridge Circuits 

There are four, identical RTD bridge circuits on the 



9-1 



3CL card. These circuits are used to measure the tem- 
perature of the thermocouple cold junction boxes. Since 
each cold junction box contains 2 RTD's. the 5CL card 
provides for measurement of 2 cold junction boxes. 

The circuit diagram of one RTD bridge circuit is shown 
in Figure 3. 
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FIGURE 3. RTD BRIDGE CIRCUIT 

The same voltage (V) as ubcd foi- ihe voltage references 
isused as supply voltage to the RTD bridges. Since n sis- 
ters R73-1 and R73-2 are much greater iha!\the RTD 
resistance, the HTD resistance variation has a negiii;!- 
ble effect on the bnd;;e load, ^.) ;h!S :an be ;o isirierrd 
constant. If a bridge circuit is not required for HTI> 
measurement, a dummy load Rlfi-l is connected in 



place of the RTD. The output of the RTD bridge is con- 
nected as an analog input. The bridge output depends on 
the resistance value of the RTD. For example: 

at RTD = 138 ohms, E out = OV 
at RTD = 188 ohms, E out = 50mV 

Pawtr Supply Swilcli 

This circuit is a simplified power supply switch for the 
span driver circuits on the SB card. 

Figure 4 shows asimpllfied schematic of the power sup- 
ply switch transistor and is normally turned on as long 
as bit 7 of the span data word is a "zero". Winding 1-2 
of Xl-1 is shorted and no coupling can occur to winding 
5-6 when the channel driver is pulsed. Under these 
conditions T6-1 is turned off and held oil bythe clamp at 
point "A", and T6-2 and T7-1 are turned on. 82-1 at 
this time will be turned off. 

!f bit 7 is a "one" and XI -I is interrogated, point 5 of 
Xl-1 will go positive and i^rn on 16-1 When T6-1 Is 
turned on, the base of T6-2 forced to ground. T6-2 
and T7-1 will turn off and the clamp at point "A" is 
removed. At the same time, C4 begins to charge, and 
when it charges sufficiently, S2-1 turns on and forces 
the base of T6-2 to a positive viilue .so tfiat Ti\- 2 and 
17-1 again turn on. -*\s soon as T6-2 turn.s on, point 
' .\" is agair. elainped tc^ grdurid ana T6- 1 ;.s turned off. 
The pcwer supply switch T7-i tunui off for a period of 
time determined by the charge tinn' ot C4. 



TO SB MODULES 



EQ 



+ 26V 



r 



0010 



{mT}- 



CHANNEL 
16 HALF ■( 
SELECT 



BIT K 
0006 



HI6 



E3- 



V 



A'^ 




I 



-►h 



: 



•Xl-I 



PSC 



i 



3 r^-^*^r#^r^4^ 







FIGURE 4. POWER SUPPLY SWITCH CIRCUIT 
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FIGURE 4. SCLl ASSEMBLY (REF. DWG. 74JAJ79, SUB 9) 
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3CM2/3CM3 - CONTACT INPUT MULTIPLEX MODULE 



GENERAL DESCRIPTION 

The :iC.M2 und ;;CM.'! niofliilob are used t<i iiiiiliiplcx 
prncesj rontacts to the input .s\stem. Those modules 
foiilaiii two identical rel.u .mk! (hocie isolation fircuits. 
An application block diagram is shown in Fij^iirc I. 



Output Requirtments 

When the contacts close for .'1CM2 the 48 or 123V'dc wi 
be presented to ihe outputs at less than 100 Q im- 
pedance. For.irM;!, lf)V will be presented to the out - 
puis at less than if) n. 
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FIGURE I. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

input Requirements 

The coil has a rrsist-ince of i,7") ;.' and h.is ~<li\(t turns. 
The iiiininuiiii i I'lui i-ements liir pi('kii|) are ".';\ al 
I 1 . li m \. The conLael.s \' 1 1 1 ij.ise .". msec allcr the 
L'l II 1 i.s ( ncr<,n/ed. 



Power Requirements 

• lirA'dc Irom I/O pouer supply. 

• IG, M, or I25\'dc from l/( ) system buss for 
pro('(>ss conl.K ts. 

CIRCUIT DESCRIPTION 

When either of the two coils are selected, its conUiets 
will close :i msec later and this applies the Ifi, 4h, or 
l^fiVdc to the process contacts through the isolation 
diodes. These diodes are necessary to prevent sneak 
paths. 
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2C01/2C02 - CONTACT OUTPUT MODULE 



GENERAL DESCRIPTION 

I'ho 2C{)\ modulo holds the contiicl output relays usod 
in the ceo subs\stem. Each card holds 7 relays, so 
- cards arc required for each 1 l-hit relay register. 

I'he card also has 7 suppression diodes, one for each 
rcla\ and 7 isolation diodes. I'ij^re 1 shows how con- 
tact output modules are used in the CCO subsystem. 
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FIGURE 2. RELAY CONTACT SUPPRESSION NETWORK 



At no Hz the leaka^^o impedance is approximately 2(1. .'ilio 
ohms. At hisher frequencies the impedance may be cal- 
culated using the following formula: 



u here 



Z (OHMS) 
R = 




frequency 



FIGURE 1 APPLICATION BLOCK DIAGRAM 



Note that eycn in a dc circuit the RC network will pr(> 
Sent a low impedance to high frequency components 
which may be caused b\' noise. 



CIRCUIT OPERATION 

rh( n l:i\s (III the contact output tnoduK' ,iri' ioii^; life. 
boiiiicr frcc'. hij;h S|)('ed mcrcur\ ucttecl t\pe. They 
arc niagncticalh iiiascd for l)i-stable operation and 
ha\c T'orni D (make before break) conUicts with a 
luidi^iiii; tiiVK of approximaleh 100/iscc. 

The r(da\ s aie composed of a hcrmeticalh scaled, inert 
Lja.'; pressuri/cd ."twitch capsule of glass which is sur- 
rminded b\ a double wound operating coil. The capsule 
i."^ potted m a high melting point wax and enclosed in a 
container uhich lias proyisions for printed circuit board 
mount iiig. 

i'igiiTc 2 shous the contacts of one CCO relay with thi' 
HC contact suppression network. Figure .'! illustrates 
I he iMiigc of s.afc operating loads vvhich can be tolerated 
without additional, external contact suppression. Ri'- 
liablc, long life operation will result if the current 
through ihv contacts just prior to opening, and the peak 
yoltage across tlie contacts as they open, both lie within 
the shaded are.i of Figure ,3. 

When using CCO relay contacts to control ac deyices. a 
small amount of leakage current due to the RC suppres- 
sion circuit will be present when the contacts are open. 




'////////M 

SAFE OPERATING ' ' 

LIMIT PNOVIOCD 
BY CONTACT 
SUPPRESSION CIRCUIT 

7/////////A 




VOLTAGE ACROSS CONTACTS AT RUPTURE (VOLTS) 



-«— ^ 



FIGURE 3. RANGE OF SAFE OPERATING LOADS 



The 2C02 module is identical to the 2C01 module except 
that the RC contact suppression circuit is not included 
This module is not used in the CCO subsystem since the 
lack of contact protection results in poor contact life. It 
is used only in computed data link circuitry. 
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4CT1 - COUNTER MODULE 



GENERAL DESCRIPTION 

This module is used to provide a 14 bit binary counter 
with output buffer stages for counting the voltage.to- 
frpquency converter output pulses in the analog input 
.subsystem. The module contains 14 identical counter 
elements, each being connected to an output buffer. An 
application block diagram is shown in Figure 1. 



In addition to the counter and buffer stages the card 
contains zener diode power supplies for the NAND gates 
in the modified NAND circuits and clamping voltages for 
the coupling network circuits. In addition to these zener 
diode supplies, a 6 V unregulated potential divider supply 
is provided for the NAND gates within the slow NAND 
packages. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The input to the counter rer|uires a Pulse (PSC) for 
advancmg the counter. The maximum pulse rate is 1 
Mllz. The reset input requires a logical "zero" (PSC) 
tor resetting the counter. 

Output Capabilities 

The output provides a conducting path to PSC for bits 
which are "zero" and a blocked path to PSC for bits 
uhich are "one". 

Power Requirements 

• J6 V. ;^ 4 V, 450 mA rr.ax. 

CIRCUIT DESCRIPTION 

Each counter stage consists of two NAND gates con- 
nected in a flip-flop fashion and a capacitive coupling 
network (CC). The complement of the output is ob- 
t.iined at Pin 11 of the modified NAND package and is 
connected to the output buffer stage which is a NAND 
jiute contained m a slow NAND package. The feed-for- 
ward signal is obtained at Pin 12 of the modified NAND 
package and it is fed to the input of the following stage. 
The input to a counter stage is at Pin 3 of the coupling 
circuit (CC). The output of the buffer stage goes to the 
cathode of a coupling diode. 
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FIGURE 2. COUNTER CIRCUIT - SINGLE STAGE 



The circuit diagram of a single stage of the counter is 
shown in Figure 2. Assume that transistor T14-1 is 
conducting and transistor T14-2 is blocked. Because 
of the flip-flop connection, the base of transistor T14- 
is pulled to ground (PSC). The base of transistor 
T14-1 is at a positive potential, determined by the 
voltage drop on resistor R4-1, as the current path 
from + 6V (Pin 4) to PSC will be through R3-1, DI-.t, 
Dl-6 and R4-1. 

Capacitor Cl-2 will be charged so that its terminal 
toward the base of transistor T14-I will be negative 
with respect to the terminal facing the input to the 
counter. 
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4DE1 - DOCUMENT CHANNEL DRIVER 



GENERAL DESCRIPTION 



Output Capabilities 



The 4DE1 document channel driver card is used as the 
ilata buffer between the l/O Interface and the paper tape 
|)unch interface panel. The module contains nine buffer 
circuits to hold computer output data and nine current 
amplifiers to drive the tape punch solenoids. The con- 
trol circuit on the module synchronizes the transfer of 
the nine stored data bits to the punch solenoids. The 
block diagram in Figure 1 shows the application of the 
IDEl card in relation tn its associated equipment. 

CIRCUIT SPECIFICATIONS 

Input Requirements 

• Data output from l/() interface; a logic "zero" 
of 1. IV maximum, and a logic "one" of 4.0V minimum. 

• Channel select pulse of 11. OV minimum for 

i usee. 

• Punch feedback trigger pulse of H.OV minimum 
l«>ak-lo-peak. 



• Interrupt to computer of +28V dip to OV for a 
minimum of 180 /jsec. 

• Data to tape punch solenoids via a lA nominal 
current which energizes the solenoids. 

• Motor control via a 28V return signal. 
Power Reqiirements 

The 4DEI card receives power from the +28Vdc, 7A 
power supply in the punch interface panel. 
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FIGURE I. APPLICATION BLOCK DIAGRAM 
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For descriptive purposes the schematic has been divi- 
ded into 3 circuits which are shown in Figures 2, 3 and 
4. The complete schematic (dwg. 845A331, sh. 8) Is 
included as part of this document. 

The circuit in Figure 2 contains a pulse shaping network 
and one memory element. Transistor T24-12 and its 
base circuitry is the pulse shaping network (network 1) 
while SCR SI -10, with its gate and cathode circuitry, 
make up the memory cell. The input to network 1 is 
the feedback pulse from the tape punch magnetic pickup 
coil; the output is a current pulse from the collector of 
transistor T24-12. The inputs to the memory cell are: 
the current pulse output of network 1, SCR Sl-9' s gate 
drivd, and transistor T7-l's base drive. The memory 
cell output is SCR Sl-10' s anode current. 

The quiescent conditions of the circuit in Figure 2 are: 

1. SCR Sl-9 and SCR Sl-10 are in the non-con- 
ducting mode. 

2. Transistor T7-1 is saturated. 

The sequence of events for activating this circuit are: 

1. Computer output data sets SCR Sl-9 by apply- 
ing gate drive. 

2. "Trigger Input" arrives and sets SCR Sl-10 by 
applying gate drive through transistor T24-12. 

3. Transistor T7-1 is switched from saturation 
to cut off by depriving T7-1 of base drive. 

4. SCR Sl-9 and SCR Sl-10 are switched off by 
interruption of their current path to ground (T7-1 is 
cut off for 180 ixsec). 

During periods when the circuit is not cycled by com- 
puter output data, it will ignore incoming "trigger in- 
put" pulses. 



A second function of this circuit ia to prevent data loss 
by Ignoring "trigger input" pulses until the tape punch 
motor is up to approximately 75 percent speed. Since 
the minimum voltage input to saturate transistor T24-12 
is 3. OV. and the voltage amplitude of the "trigger Input" 
is dependant on the tape motor speed, the circuit acts as 
a voltage tachometer whose output is zero below 75 per- 
cent motor speed and full current above 75 percent 
motor speed. 
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FIGURE 2. PULSE SHAPING NETWORK i 1 MEMORY CELL 

Figure 3 shows a unijunction transistor timing circuit 
used in a time delay configuration. The input to this 
circuit is current through resistors R66-14 and R19-24; 
the output is a ground potential on transistor T5-1' s 
collector for approximately 180 usee. 

The quiescent conditions of this circuit are: 

1. Transistor T24-11 is cut off. 

2. Unijunction transistor S2-1 is non-conducting. 

3. Transistor T5-1 is cut off. 

The sequence of events for activating this circuit are: 

1. Transistor T24-11 is switched from cut off to 
saturation by base drive current in resistors R66-14 
and R19-24. 



13-2 



■i. After a time delay of 4.5 msec, unijunction 
transistor S2-1 saturates for approximately 180 usee, 
thus biasing transistor T5-1 into conduction for the 
same time period. 

3. Transistor T24-11 is deprived of its base drive 
and is cut off. 

4. The delay time of 4. 5 msec between the input 
and output is controlled by the RC time constant of 
capacitor C.'!2-l. resistor R66-12 and potentiometer 
M12-1. Resistor KiO-l, resistor R27-1 and diode 
r)-14 insure that all time delays between input and 
output are of equal value. Resistors R52-1 and R12-1 
|)r()vide the correct impedance for the 180 jisec inter- 
i-upl input signal to the computer. R82 provides a path 
tor the leakage current of T24 during cutoff. 
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FIGURE 3. UNIJUNCTION TIMINING CIRCUIT 

The circuit in Figure 4 consists of three current switch- 
es and a data bi.ffer. The circuit holds computer out- 
put data, current amplifies it and outputs this data to 
the tape punch solenoids. Inputs are: a positive 28V 
on the anode of diode D-21, a ground potential on the 
anode of diode D-10. and an open circuit across ter- 
minals H9 and LI accompanied by an 11. OV, 4. >isec 
pulse across terminals L2 and H3. 



The quiescent conditions of this circuit are: 

1. Transistor T24-10 is saturated. 

2. Transistor T7-1 is saturated. 

3. SCR Sl-1 is non-conducting. 

4. Transistor T24-1 is cut off. 

The sequence of events for activating this circuit are: 

1. Computer output data sets SCR Sl-1. 

2. Transistor T24-10 is cut off. 

3. Transistor T24-1 is saturated and pulls current 
through the tape punch solenoids. 

4. Transistor T7-1 is cut off interrupting the cur- 
rent path to reset SCR Sl-1 and cut off the current to the 
punch solenoids. 



^ fSvS ^' 




mm 



FIGURE 4. CURRENT SWITCHES 8. DATA BUFFER 
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1PL4/1PL5 - PHASE LOCKED OSCILLATOR 



GENERAL DESCRIPTION 

The phase locked oscillator card is used in the analog 
input subsystem. Its purpose is to provide a stable 120 
cycle square wave output which is locked in phase with 
the 60 cycle power line frequency. When energized, the 
phase locked oscillator attains a stable frequency in 
.ibout 1 min, and follows lonp term line frequency vari- 
ations of 58 to (i2 Hz (48 to 52 Hz for 1PL5). The 1PL4 
card is used (or 60 Hz line frequency, and the 1 PL5 
for .50 Hz. An application block diagram is shown in 
Fiffure 1. 
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FIGURE 2. PHASE LOCKED OSCILLATOR BLOCK DIAGRAM 
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FIGURE I. APPLICATION BLOCK DIAGRAM 



These circuit elements are interconnected in a feed- 
back configuration which attempts to maintain the out- 
put in a fixed frequency and phase relationship with the 
60 Hz input. 

The operation of the circuit elements is described in 
the following: 

Unijunction Transistor Oscillator and Binary Scalers 

The circuit diagram of the oscillator and scaler circuit 
is shown in Figure 3. 



CIRCUIT SPECIFICATIONS 

Input Requiroments 

The power frequency input requires a 6. 3V, 
sine wdvc ac voltage input. 



The oscillator circuit uses a unijunction transistor os- 
cillator. The output frequencv is dependent on the con- 
trol input voltage. An adjustment is provided (potentio- 
meter M13-2) for initial calibration of the oscillator to 
240 Hz. (At control input voltage of 7. 5V. ) 



Output Capabilities 

The 120 Hz square wave outjiut provides zero volts 
(PSC) for the negative portion of the pulse and approx- 
imateU + 15 V for the positive portion of the pulse. 
The length of the positive portion is equal to the nega- 
tive portion. The output frequency is phase locked 
with the power line frequency input. 

Power Requirements 

Power input is + 26 V. + 15^ dc, 37 mA max. 

CIRCUIT DESCRIPTION 

The phase locked oscillator circuit can be separated 
into the functional elements as shown in Figure 2. 



The 240 Hz oscillator output is scaled bv a binarv 
scaler which basicallv is a binarv counter stage (flip- 
flop circuit with capacitive input coupling). The out- 
put of this scaler is a 120 Hz square wave signal which 
is used in the analog input svstcm for timing. 

The complement of the output is used to trigger the 
second binary scaler which further reduces the fre- 
quency to 60 Hz. This signal is used as a feedback 
signal to the frequency equality and phase detectors. 

The circuits of the two binary scalers are somewhat 
different, since the first is triggered by the positive 
going pulse of the oscillator, while the second is trig- 
gered by the negative going transistion of the first 
scaler. 
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FIGURE 3. OSC/LLATO/? AND BINARY SCALERS CIRCUIT 



Phase and Frequency Equality Detectors 

The circuit diagram of these circuits is shown in Fif^re 
4. 
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FIGURE 4. PHASE AND FREQUENCY EQUALITY DETECTOR 



The output of transistor TS-^ will be square wave cor- 
responding to the power line frequency. The output of 
Iransisloi- Tfi-l is also a S(|uare wave but this cor- 
responds to the oscillator fre(|uency. 

These two square waves are used l)v both the phase and 
the frequency e(|ualil\ detectors. 

The frequenc\ e(|ualii\ detector utilizes capacitors C4-1 
and (M-2 - which are alternately charged and dis- 
charged through diode niatri.x 1)7-1. D7-2, D7-3 and 
07-7 - and will place a charge on capacitor C9-1. 
The voltage on capacitor C9-1 w41 be proportional to 
the frc(|ucncv difference between the oscillator and the 
line frequency. When the two frequencies are equal, 
the voltage on capacitor C'l)-1 should be half of the sup- 
pl\ voltage. 

For phase detection, the outputs of the two transistors 
arc fed to a diode .ANi:) circuit (diodes D7-5 and D7-4). 
If the two signals arc in phase, the output (on test point 
TP) will be a 60 Hz square wave. If the two signals are 
1H0° out of phase, the output will be /.ero. Resistors 
R.')rt-1 ;?t.(i tl.'i7-l ! re used to liias the output to the pro- 



Note that after the phase lock oscillator stabilizes, the 
60 Hz signal will be 270° out of phase with respect to 
the 60 Hz line frequency. The wave shape on test point 
TP therefore will be a square wave pulse with 25% duty 
cycle. 

Control Amplifior 

The outputs of both the frequency equality detector and 
the phase detector are connected to a high gain do amp- 
lifier with capacitive feedback. 

The circuit diagram of the amplifier is shown in Figure 
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The matched pair of transistors T17-1 and T17-2 acts 
as a difference amplifier. Transistor T8-1 supplies 
additional gain and T5-3 provides a current gain and 
low output impedance. 

Adjustment for amplifier balance is provided through 
potentiometer M13-1. (Used during calibration of the 
IPL card.) 

The output of the control amplifier is connected to the 
control input of the unijunction transistor oscillator. 

IPLS Card - 50 CPS Optration 



The operation of the 1PL5 card is identical to that of 
the 1PL4 card. The only difference is the frequency 
used The input will accept 48 to 52 Hz (nommal 50 
Hz) and the output will be a 100 Hz square wave which 
is locked in phase with the 50 Hz power line frequency. 

The description of the rest of the circuits can likewise 
be corrected for 50 Hz operation. 



FIGURE 5. CONTROL AMPLIFIER CIRCUIT 
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FIGURE 6. 1PL4 1PL5 ASSEMBLY (REf. DWG. 743A333, SUB U) 
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2PS1 - POWER SUPPLY SWITCH MODULE 



GENERAL DESCRIPTION 

The circuits on this module are used to reset SCR' s in 
the input-output subsystem. There are 4 identical cir- 
cuits on a module. 

Figure 1 is a block diagram showing a typical applica- 
tion of the power supply switch. 
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FIGURE /. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The power suppl\ switch trigger is clamped at approx- 
imately a one volt level until the switch is reset. 

Output Capabilities 

The maximum current that can be carried by the switch 
output is S50 mA. The output is in a conducting state 
when there is no trigger signal. After the trigger sig- 
nal, there is a time deia\ of 1 to 9 msec (adjustable) 
oefore the output becomes non-conducting and supports 
26 V. The non-conducting state lasts 150 to 300 ^sec 
before reverting to conduction again. 

The interrupt signal from the power supply switch goes 
from approximately ^ 26 V to + 1 V at the time the switch 
output blocks and back to + 26 V at the time the switch 
conducts again. The computer detects an interrupt when 
the positive change in voltage occurs. 



Ptwtr Ri^Hiriments 

Connections to + 26 V and PSC are required. 

CIRCUIT DESCRIPTION 

Refer to Figure 2 which is a schematic of one of the 4 
identical circuits on the module. The operation of the 
circuit is described in terms of a channel driver applic- 
ation. With none of the channel drivers selected (i. e. , 
all SCR's are blocked), the base drive of transistor T8-1 
is zero, causing it to be blocked. This means that the 
unijunction transistor S2-1 has no positive supply, and 
the timing capacitor ClO-2 is discharged. Transistor 
T5- 1 has no base drive and is blocked, allowing base 
drive to be provided to transistor T7-1 which is now in a 
state to allow conduction. 

Assume the channel in Figure 2 has been selected. The 
detector SCR located on another card (2CB for example) 
and any number of the channel driver SCR' s (such as on 
a 4CD Card) are turned on. Transistor T7-1 is in a 
conducting state and provides the current path to ground 
for the cathodes of the SCR' s. The conduction of the 
detector SCR is the trigger signal uhich causes base 
drive to transistor T8-1. Transistor TH-1 turns on. 
supplying voltage to the unijunction transistor and its 
timing circuit. After a time delay determined by resis- 
tor R18-1, capacitor ClO-2, and the adjustment of po- 
tentiometer M12-1, unijunction transistor S2-1 breaks 
down, producing a pulse across resistor R12-1. This 
causes transistor T5-1 to conduct and transistor T7-1 
to block for the approximate duration of the UJT pulse. 
The blocking of transistor T7-1 reduces the current 
through the SCR' s below the holding value and the SCR' s 
turn off, that is, the SCR's are reset to the blocking 
state, accomplishing the main function of the power sup- 
ply switch. The trigger signal is removed when the 
detector SCR is turned off. causing transistor T8-1 to 
again block. At the completion of the UJT pulse, tran- 
sistor T.5-1 blocks, and transistor T7-1 returns to its 
conducting state. The power supph switch has now re- 
covered and is ready for the next selection of the ch.annel. 

The interrupt signal is taken from the collector of tran- 
sistor T5-1. During the UJT pulse, transistor T5-1 is 
conducting, and the interrupt signal is near zero. At the 
completion of the UJT pulse, transistor T5-1 blocks, 
and the external interrupt signal goes to approximately 
^ 26V. The computer recognizes this positive going 

The reason for using a unijunction transistor in the tim- 
ing circuit is because it is stable and does not drift ap- 
preciably with temperature or supply voltage. The tim- 
ing requirements for the power supply switch vary ac- 
cording to its application. The UJT time delay is vari- 
able from 1 to 9 msec to accommodate these applications. 
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FIGURE 2. ONE POWER SUPPLY SWITCH CIRCUIT 
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FIGURE 3 2PS1 ASSEMBLY (REF. DWG 743AJ62, SUB 6) 
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2RB3 - READER BUFFER MODULE 



GENERAL DESCRIPTION 

The 2RB module serves as a buffer between the CPU and 
the interface package of the CX Tape Reader. The card 
contains a data buffer register and control circuitry. 
An application block diagram is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIACRAH 



Each of the eight identical buffer registers on this card 
work in the following manner. Refer to upper right hand 
corner of Figure 4. 

Buffir Riglitir 

Whenever the tape reader data contact closes (zero volt- 
age on R. D.C.O for example), because of a punched hole 
in a particular level of the tape, capacitor C9-1 (0. 5 
mfd) will charge up. 

When the computer now addresses the reader channel 
through the channel half-selects, the data in the buffer 
register will be transmitted to the computer. This will 
occur because, with C9-1 charged, winding 1-2 will ap- 
pear as a high impedance path when the channel half- 
select pulsed and, therefore, windings 5-6 will have the 
voltage impressed across it (will present a logical "one" 
to the computer). 

If, however, there is no hole in the tape, C9-1 will not 
be charged, and when the half-select is pulsed, winding 
1-2 will look like a short circuit and there will be no 
voltage impressed upon winding 5-6 (will present a log- 
ical "zero" to the computer). 

The register must be cleared once it has been read by 
the computer; this is done by the Clear Register signal 
which is common to all 8 bits. 



CIRCUIT SPECIFICATIONS 
Input Requirementt 

• Data input from tape reader interface: Logic 
"zero"; 1. IV maximum; logic "one", 4.0V minimum. 

• Channel half-select re<|uires a minimum IIV, 
4 usee pulse. 

Output Requirements 

• Data output must be a minimum 6V, 4 fisec 
pulse. 

• Interrupt signal is nominally 26\' tied to a Ik 
pull-up resistor. 

PvnSr Resulrements 

The 2RB requires a 26Vdc from the l/O power supply. 
CIRCUIT DESCRIPTION 

Refer to the schematic in Figure 4. 



The "U" contact input shown in the schematic is the 
"Universal" contact in the reader which closes every 
time a character is read. It is used as a strobe contact. 

When the reader advances, the U contact (filtered) closes 
to PSC and transistor T8-1 conducts for 6 msec, the 
time which the "U" contact is closed. This causes T.'5-l 
normally blocked, to conduct for a short period of time. 
When this transistor blocks again, an interrupt (a posi- 
tive going voltage) is given to the I/O interface, indicat- 
ing that a character from the tape reader has been read. 
At the same time, transistor T5-2 blocks and resets the 
SCR (Sl-1). 

The computer acknowledges the interrupt by selecting 
the channel associated with the reader and reading the 
8-bit buffer register. 

A "dummy" bit is used to indicate this acknowledge 
from the computer. This is shown on the schematic. 
The transformer Xl-9, when selected with an open 
primary winding 1-2, will always set the SCR, Sl-1. 
Sl-1 may be set since T5-2 is normally conducting 
except during the interrupt period. 

Each time the computer reads the buffer register, it is 



16-1 



necessary to clear the register and "ask" for another 
character. When Sl-1 conducts, transistor T8-2 , 
approximately 25 ^sec later, conducts and discharges 
all capacitors in the buffer register. At the same 
time a signal is sent to the Reader Advance Circuit 
to advance the reader. 

The Clear Register Switch signal (X12) is not used. 



Figure 2 represents the time requirements for this 
card. 
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FIGURE 2. CIRCUIT T/M/NC CHART 
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3SB1 - SPAN & GAIN w/INPUT BUFFER 



GENERAL DESCRIPTION 

This module is used in the analog input subsystem and 
it performs the following functions: 

• Provides addressability by the l/O system 
through the channel half-select circuit. 

• Provides circuits to set the span and gain of 
the voltage-to-frequency converter. 

• Provides transformer isolation between the 
output of the counters (CT card) and the l/O register. 

• Provides a trigger signal to start the analog 
input cycle. 

Figure 1 shows the functional ties of the 3SB module to 
the analog input subsystem and the l/O interface. 
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FIGURE }. APPLICATION BLOCK DIAGRAM 
CIRCUIT SPECIFICATIONS 
Input Rcqairimints 

The channel half-select signal requires a minimum 
11 V, 4 lis pulse. 

The data input from the counter requires diode-coupled 
logic-level signal, "zero" (= PSC) for unselected and 
"one" (= transistor is blocked) for selected bits. 



The data inputs from the I/O interface require logic 
level signals of "zero" (1. 1 V max) and "one" (4.4 V 
min). 

Output Ri^uirtmtnti 

The output to the I/O interface (input data) requires a 
minimum 6 V, 4 us pulse. 

The span driver output (bits to 6) requires a "zero" 
for selected bits and "one" (+ 26 V) for unselected bits. 

The span driver common is tied to PSC through a power 
supply switch. To reset the SCR circuits this must be 
opened for a minimum of 100 ^s. 

The read trigger output requires a 4 fjs grounded (logi- 
cal "zero") pulse corresponding to the channel half- 
select pulses. 

The gain select requires a logical "zero" if the +5 V 
range is selected, and a logical "one" (+ 26 V) if the 
+ 50 mV range is selected. 

CIRCUIT DESCRIPTION 

Since the 3SB module performs 4 different functions, 
each of these functions is described separately. 

Digital Input Buffer 

The fourteen bit digital input buffer consists of fourteen 
identical circuits, each composed of a three winding 
buffer transformer, a current limiting resistor and an 
isolating diode. The circuit diagram of one input buffer 
is shown in Figure 2. 



INPUT TO I/O 

A 



ee(n)e 



07-1 



CHANNEL 
HALF o- 
SELECT 

r- 

/•-' \ 
-_/_' » 

COl*fTER| 

OUTPUT 

BUFFER a««/„»| 

STAGE - t>t)t)Wi 



TERTIARY 




3SB MODULE 



FIGURE 2. ONE INPUT BUFFER CIRCUIT 



17-1 



The circuit operates in the following way. When the 
transistor representing the output buffer stage of the 
counter is blocked, diode D7-1 is reversed biased. 
Most of the primary pulse energy, supplied by the 
channel half-select circuit (((itffN), (((liNd) is trans- 
ferred to the secondary winding of the transformer 
and a pulse is provided to the l/O interface (IDOO). 
When the counter output transistor is saturated, diode 
D7-1 is grounded (to counter ground) and the tertiary 
winding of the transformer is short-circuited. Most 
of the primary pulse energy is now transferred to the 
tertiary circuit and dissipated In the winding resistance, 
diode D7-1, and the counter output transistor. The 
voltage appearing across the secondary winding is not 
sufficient to provide enough energy to be detected by 
the l/O interface. Resistor R85-1 provides current 
limiting and diode D7-11 clamps any inductive flyback 
voltage. 

Span Drivtr 

The span selection consists of seven identical circuits. 
Each of these circuits consists of an SCR with a zener 
diode threshold in the gate circuit and a three winding 
trigger transformer. The circuit diagram of one bit 
of the span driver is shown in Figure 3. 
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FIGURE 3. ONE BIT OF SPAN DRIVER CIRCUIT 

The operation of the circuit is identical to that of a 
channel driver circuit. Initially the output transistor 
of the power supply switch is saturated so that if a 
positive trigger pulse is applied between the gate and 
the cathode of Sl-1, the SCR will conduct. The gate 
circuit consists of zener diode Zl-1 in series with the 
secondary winding (5-6) of the trigger transformer. 
The tertiary winding (1-2) of the trigger transformer 
is connected through diode D7-1. When the output is 



a logical "one", diode D7-1 Is reversed biased, which 
open circuits the tertiary winding. If the Input is a 
logical "zero", D7-1 is grounded which shorts out the 
tertiary winding. 

It can be seen that when a pulse (channel half-select 
it (n) if and Hi (n) ) appears across the primary wind- 
ing (3-4) the logic level of the Input line will determine 
the voltage on the secondary (5-6). 

With the input a logical "one", the secondary (5-6) will 
have a voltage induced in it which triggers SI- 1 and 
drives its output to a logical "zero". This occurs be- 
cause the +26V tied to R53-1 will conduct through the 
power supply switch to PSC. With the input a logical 
"zero", no voltage will be induced in the secondary, 
the SCR will not conduct and therefore the output will 
remain a logical "one". 

The zener diode in the gate circuit is needed since the 
tertiary winding is never completely short circuited. 
Losses in diode drop and transistor saturation drop ac- 
count for a small pulse across the secondary winding 
when the input is a logical "zero". When the input is a 
logical "one" and the particular channel is selected, the 
SCR' s will be triggered in response to the half-select 
pulse. The SCR will remain in the conducting state un- 
til the power supply switch turns it off. 

The output of the span driver is used to energize the 
span relays in the voltage-to-frequency converter. 

Rsitf Trigisr 

Bit 8 (((D8) of the l/O output data is used to generate the 
read trigger signal. This is accomplished with the cir- 
cuit shown in Figure 4. 
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Like the span driver circuit, a pulse will be generated 
in the secondary winding of the transformer (5-6) by the 
channel half-select pulse if the input is a logical "one". 
This pulse will saturate the base to emitter junction of 
transistor T5-1 and thus, the READ-TRIGGER output 
will be grounded for approx. the duration of the channel 
half-select pulse (4 us). 

The zener diode threshold serves the same purpose as 
described in the span driver description. 

Capacitor C4-11 and resistor R26-1 are needed for 
filtering out noise which may propagate due to the 
zener capacitance. 

Gain Select 

Bits 12 and 13 of the l/O output daU (liD12 and ^D13) 
are used for selection of gain of the voltage to frequency 
converter. For this purpose, the circuit on the 3SB 
module consists of two, transistor-diode circuits con- 
nected in a flip-flop configuration, coupled to two 3- 
winding transformers. The circuit diagram is shown 
in Figure 5. 



Assume that transistor T6-2 is conducting. Point 1 is 
grounded and no base drive is provided to transistor 
T6-1. But as transistor T6-1 is blocked, base drive is 
provided to transistor T6-2 through R25-2, Dl-8, Dl-6, 
and Dl-5. Also +26 V is provided to the gain relay 
through R25-2 and Dl-9. The 50mV range is selected. 

If a channel half-select pulse now appears on titifi (n) 
and id (n) li and bit 12 (tf D12) is a logical "one", a 
positive pulse will appear on the secondary winding 
(5-6) of transformer XI -8 which will turn on transistor 
T6-1, which in turn will cause T6-2 to be blocked. In 
this case, no voltage will be provided to the gain relay 
output. The 5V range is selected. 

The flip-flop will change its state again similarly if, 
on the next half-select pulse, bit 13 (^D13) is a logical 
one . 

The flip-flop will not change its state if both bit 12 and 
bit 13 are logical "zeros". 
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3SI1/3SI2 - SEQUENCE OF EVENTS INTERRUPT CARD 



GENERAL DESCRIPTION 

The SI card generates a single interrupt when any one 
of a number of CCI' s change state; either from closed 
to open, or open to closed. The card suffix denotes 
the following: 



Card 

3SI1 
3SI2 



Type 

48V, make or break int. 
125V, make or break int. 



A block diagram showing a typical application of the SI 
card and power supply switches is shown in Figure 1. 

CIRCUIT SPECIFICATIONS 
Input Rtquirimtntt 

Inputs must take the form of a switched dc voltage from 
relay contacts or switches. The presence of a voltage 
produces a "one" input while zero volts produces a 
"zero" input. 

The nominal magnitude of the input voltage level and in- 
rush resistance of each bit are: 



Module 
Type 

3SI1 
3SI2 



Nominal 
Voltage 

48 
12,') 



Inrush 
Resistance/bit 

2.9k 
5.9k 



Oiitpit Capilllltlat 

Output is to a power supply switch trigger. 

The output is clamped at approximately one volt until the 
power supply switch is reset. 

Powtr Rtiulrimintt 

The negative side of the 48/ 125V power supply should be 
connected to the 48/125 RET (X2). The nominal inrush 
current/bit is 16. 5 mA for 48V or 21. 2 mA for 125V. 
A minimum of 6V is required on the anode of the silicon 
controlled rectifier (X18). The negative side of the plant 
power supply must be connected to PSC. 

CIRCUIT DESCRIPTION 

Figure 2 illustrates one bit of the 14 bits on the 3SI1 and 
3SI2 cards. 

Input resistance for each card is: 

Type Ra M41 Coil Res. 



3SI1 
3SI2 



1.5k 
4.5k 



1.425k 
1.425k 



When the contacts for bit (n) close or open, the relay 
coil (M41) is energized or de-energized respectively. 
The coil will not be operated at a frequency greater than 
60 Hz. The M41 contacts will momentarily open because 
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they have "break before make" feature. Therefore the 
SCR, Sl-1 will be triggered and start conducting. Sl-1 
will be triggered when bit (n) is opened or closed. It 
will remain conducting until reset by the power supply 
switch card. 
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2SL1 - 735 SELECTRIC INTERFACE MODULE 



GENERAL DESCRIPTION 

The 2SL1 printed circuit module serves as a buffer be- 
tween the Central Processing Unit, and the interface 
package of the 735 Selectric typewriter. It contains a 
data buffer register and control circuitry. An appli- 
cation block diagram is shown in Figure 1. 

CIRCUIT SPECIFICATIONS 
Signal Requlrcmentt 

l/O Interface 

• Data: logic "zero" - 1. IV maximum; logic 
"one" - 4.0V minimum. 

• l/O Selection: 4. /jsec pulse, IIV minimum. 

• Interrupt Input; nominally 28V tied to a Ik pull 
up resistor. 

735 Interface Package 

• Data: zero volts (magnet energized), +28V 
(magnet de-energized). 

• Reset: contact closure. + 28V causes reset to 
occur. 



Powtr Rtquiremcnts 

2SL1 module receives + 28V through terminal XL 

CIRCUIT DESCRIPTION 

Data Bufftr Register 

Figure 2 shows one bit of the 14-Bit data buffer register. 
The Selectric magnet is energized when 4 /jsec half- 
select pulse unloads the data line through the pulse 
transformer into the associated SCR. When the SCR 
conducts, the magnet is energized, and the 735 Se- 
lectric cycles. This causes the reset contact in the 
Selectric to close, thus generating a RESET signal. The 
RESET signal controls the Power Supply Switch located 
on the SL card. When open, the Power Supply Switch 
causes the SCR to block and the Selectric magnets to be 
de-energized. 

The outputs of the SCR's which drive the magnets are 
filtered to prevent rate-of-rise firing of the SCR's. The 
filter is also used to drop the dc voltage to the magnets 
from 28Vdc to 24Vdc (their normal operating voltage). 

Power Supply Switch Control and interrupt Circuit 

Refer to Figure li for the following description. 
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Transistor T9-1 is the controlling transistor in the 
Power Supply Switch which delivers current to the 
printer magnets if their SCR' s are switched on. When 
this transistor blocks, the SCR's are switched off, 
and the magnets are de-energized. 

In the quiescent state, transistor T9-1 is conducting 
and transistor T5-1 is normally blocked. The base 
of T5-1 is controlled by the completion contacts in 
the printer. Normally these contacts are open, how- 
ever, when the Selectric cycles, these contacts close 
and cause transistor T5-1 to conduct. The transistor 



conducts as long as the completion contact in the Select- 
ric is closed. With T5-1 conducting, T6-1 blocks, thus 
blocking T9-1. This switches off all the SCR's which 
were on, thereby clearing the 14-Blt register. 

Transistor T5-1 blocks when the completion contacts 
open. The output of transistor T5-1 is used to inter- 
rupt the computer to ask for another character of out- 
put. The interrupt occurs when this output has a posi- 
tive going transition. 
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2TN1 - MODEL 35 TELETYPE INPUT MODULE 



GENERAL DESCRIPTION 

The 2TN1 module is used for control of data transfer 
between the Model 35 Teletype equipment and the l/O 
interface. This card contains data input pulse trans- 
formers and control circuitry. An application block 
diagram is shown in Figure 1. 
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FIGURE 1. APPLICATION BLOCK DIACRAH 

CIRCUIT SPECIFICATIONS 
input Rcquirtments 

l/O Interface 

• I/O Selection - 4.0 >isec pulse, IIV mini- 



Model 35 Interface 

• Mercury Relay Contact used to control tape 
reader ON/OFF. 

• Mercury Relay used to monitor Input line cur- 
rent. 

Power Requlrtmentt 

The 2TN1 module receives power from the +26V l/O 
interface power supply. 

CIRCUIT DESCRIPTION 

2TN1 card contains the following items: 

• The 8 input pulse transformers whose outputs 
are tied to the l/O interface data input register. The 
transformer inputs are tied to the 8-bit SCR register on 
the TO card. 

• Line relay used for monitoring serial data from 
Model 3. '5. 

• "Input load" signal used for setting SCR's in 
date register, (4T01). 

• Tape reader ON/OFF control relay. 

• Input interrupt circuit requesting input data be 
read by l/O interface. 

• "Acknowledge" pulse transformer indicating l/O 
interface has teken previous character. 



• Date Input - "one" - 6V minimum, 4.0 usee 
pulse. 

• Interrupt Input - Interrupt signal is nominally 
26V tied to a Ik pull up resistor. 

4T01 Signals 

• Date - Logic "zero" - 1. IV maximum. 
Logic "one" - 4.0V minimum. 

• Input Load 200 jzsec pulse will set selected SCR. 
3TS1 Signals 

• Sequencer outputs - zero volts implies logic 
"zero", positive voltege implies logic "one". 



Control signals - covered in circuit descrip- 



Figure 2 shows one of the eight pulse transformers used 
for reading date from the 4T01 SCR date register to the 
l/O interface. If the SCR is conducting, winding 1-2 will 
appear as a short circuit and a small voltege will result 
across winding ,5-6 when the 4.0 /isec channel half-sel- 
ect pulse occurs, this is a logic "zero" to the l/O inter- 
face. However, if the SCR is blocked, Dl will be blocked 
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FIGURE 2. PULSE TRANSFORUER CIRCUIT 
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when channel half-Belect pulse occurs and a voltage will 
appear across winding 5-6 and D2 will conduct. This is 
a logic "one" to the l/O interface. 

Figure 3 shows the input mode selection. When the 
line relay M9-1 is de-energized as a result of a 
"start" impulse (open line) from the Model 35, SCR 
Sl-1 is set. The relay contacts open and the gate 
of the SCR is pulsed, turning it on. When Sl-1 
turns on, transistor T8-1 conducts and generates 
signals "U" and "Y" which indicate input mode. The 
signals are +26V. 

Figure 4 shows the timing associated with setting the 
input SCR (Sl-1) as a result of "start". Transistor 
T5-2 remains blocked since "N" is ground at all times 
other than step 8 of the sequence (STOP). When step 8 
of the sequence occurs "N" goes positive, T5-2 con- 
ducts. This shunts the Sl-1 holding current and the 
SCR blocks. T8-1 remains on, however, since T5-2 
provides the Ixise current to T8-1. Signal pulse "R" 
occurs about 1. S msec after "N" and causes T,5-2 to 
block. This generates the interrupt positive transition. 
Also TH-1 will l)l()ck and "V" and "V" signals arc in- 
hibited. The same sequence of events will occur when 
the next "start" occurs. 
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FIGURE 3. INPUT MODE SELECTION CIRCUIT 



FIGURE 4. CIRCUIT TIMING CHART 

The input lt>ad signal generation is shown in Figure 5. 
Input load is the output of transistor T5-5 and is used to 
set the selected SCR on the 4T01 card. The input load 
timing is related to PI and P2 pulse inputs as shown in 
Figure 6. Capacitor C23-1 is held discharged by UJT 
inhibit when the sequencer is not running. When the se- 
quencer is reset and UJT goes positive, C23-1 will be 
allowed to charge through R28-5 and adjustable potentio- 
meter M17-1. Either PI or P2 will also discharge 
C23-1. The charging of C23-1 is shown in Figure 6. 
Note that PI occurs first and discharges C23-1, through 
T.5-3, then C23-1 is allowed to charge. When it reaches 
the required voltage, S2-1 will fire and T5-4 will turn 
on. This time is adjusted to 6.3 msec after PI or P2 
pulses. At P2 time, C23-1 will again be discharged. 
When T5-4 turns on, T5-5 blocks since its base current 
is shunted away by T5-4. The collector of T5-5 will be 
allowed to go positive if the M-9 mercury contact is 
opened. If it is closed, then T5-5 will be held at ground 
and the input load signal will be suppressed. 

Figure 7 shows the control of the Tape Reader Relay 
Contact and the acknowledge signal from the l/O inter- 
face as a result of an input interrupt. 

Relay M3-1 is a bistable relay which controls the tape 
reader advance in the Model 35 equipment. Transistor 
T5-1 will reset or open the tape reader contact while 
transistor T6-1 is used to set the relay contact closed. 

When an input is done on the selected input channel, 
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FIGURE 5. INPUT LOAD SIGNAL GENERATION 



transformer XI -9 is pulsed with the l.Ojjsec pulse. 
Since the winding 1-2 is an open circuit, then a positive 
pulse will be generated from winding 5-(). This pulse 
will turn on T6-1 and the tape icader contact will be 
closed. The tape reader will iidvance and a character 
will be read. T6-1 conducting shunts base current 
away from T6-2 and it blocks. This causes T6-1 to be 
held on via R26-12 and 1)7-26. 

The output of T6-2 is signal "Q" which, when it goes 
positive, will cause the register reset to occur and sig- 
nal "R" is generated. Therefore, about 100 /isec 
after inputting the data, the register is cleared. Also, 
signal "R" is generated about 1. 5 msec after the input 
command. Signal "R" will shunt the base current of 
T6-1 and cause it to block. When T6-1 blocks, T6-2 
turns on and holds T6-1 off. Signal "Q" goes to ground. 

The tape contact is now closed and a new character may 
be read beginning with Start which enables the sequencer. 
At step D- C of the sequence, the tape reader contact is 
reset and the reader will stop. When the data is read, 
the contact is again closed and the data register 
cleared. 



■I8.l8ms- 



Pl- 



R 



Jl 



P2- 



■*\ 9.09ms K 

a 



R 



INPUT. 
LOAD 



1 



6.3msf«- 

n_ 



A 



A 



Jl 



C23-I 



vn^-^n^-^v^ 



FiG'URE 6. iNPUl LOAD TIMING 

2TN1 Potentiometer Adjustment For input Load Sienal 

1. PI and P2 pulses from TS Card should be con- 
nected to TN Card on pins X34 and X35. 

2. Connect scope to TN Card at junction of 02,1-1 
and M17-1 and adjust potentiometer to obtain 6.3 msec 
ramp as shown in Figure 6. 

* * ♦ 
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FIGURE 8. 2TN1 ASSEMBLY (REF. DWG. 743A339. SUB 16) 
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FIGURE 9. 2TN1 SCHEMATIC (HEF. DWG. 743A339. SUB 16} 



4T01 - MODEL 35 TELETYPE DATA BUFFER MODULE 



GENERAL DESCRIPTION 

The 4T01 module is used as a buffer between the l/O 
Interface and the Model 35 Teletype equipment for both 
input and output. The card contains a data buffer reg- 
ister. Figure 1 is an application block diagram of this 
card. 

CIRCUIT SPECIFICATIONS 
Input Requirements 

l/O Interface 



• Sequencer Outputs - volts implies "0"; posi- 
tive voltage "1". 



• Output Mode - zero volts implies output mode 



(M). 



• Motor on/off control - zero volts implies 
turn on motor (L). 

• "K" line relay driver input - zero volts-de- 
energized, + 7. OV-energized. 

2TN1 Signals 



• Data - Logic "0"; 1. IV maximum; Logic "1"; 
4. OV minimum. 



• Data - Logic "0" - 1. IV maximum; Logic "1" 
4. OV minimum. 



• Channel half-select - 4. /isec pulse, IIV 
minimum. 

:iTSl Signals 

• Reset - volts will reset SCR Buffer Register. 



• Input Load - 200 fisec pulse will set selected 
SCR. 

Power Requirements 

The 4T01 module receives power from the + 26V l/O 
interface power supply. 
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FIGURE 1 APPLICATION BLOCK DIAGRAM 
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CIRCUIT OEtCRIPTION 

The 4T01 card contains the following; 

• The B-blt data regiater which atorea the 8 blta 
of data either as output from the computer or as input 
from the Model 35 equipment. 

• Pulse transformers which are connected to the 
Output Data register. 

■ Sequencer decoding for the input and output of 
serial data. 

• Output "mode" SCR, signal M, which indicates 
output mode of operation. 

• Motor on/off bistable, which controls motor 
on/off relay (signal L). 

Figure 2 illustrates a typical Data Bit of the 8-blt Buffer 
register. This data bit may be set by output from the 
l/O interface or by input from the Model 35 equipment. 
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FIGUKE 2. ONE BIT CIRCUIT OF B-BIT DATA RBCIiTER 



If Bit 5, for example, is a logical "0" from the l/O in- 
terface, this will cause terminal 1 of the winding 1-2 
to be grounded. Since terminal 2 is tied to ground, 
this winding will appear as a short circuit. If Bit 5 is 
a logical "1", winding 1-2 will appear to be an open 
circuit since the series diode is bacl< biased. 

l/O interface selects the channel with a 4. >»sec pulse 
across winding 3-4 and if winding 1-2 appears as a 
short circuit, a small voltage will be generated across 
winding 5-6 and the diode, D-2, will not conduct and the 
SCR will not be set. If, however, winding 1-2 appears 
as an open circuit (logical "1"), then, when the channel 
pulse occurs, sufficient voltage will appear across 
winding 5-6 so that diode, D-2, will conduct and the 



SCR will IM set. The 8CR anode la returned to * 26V 
through rMiator Rl. Thla provides holding current for 
the SCR. 

Diode Inputs A and B serve to select the SCR during 
put. A and B are sequencer outputs and act as a logical 
"AND", aUowing point "S" to go positive. Signal "I" is 
the input load signal and is_normally at ground. If this 
signal goMi positive when A and B are selected, then the 
SCR is set through diode D-3. 

Diode Inputs A and B are also used to select the SCR 
during output. Inputs A and B and diode D-4 act as an 
"AND" pite so that if the SCR is set, point "S" will be 
held at + 2V. If the SCR is blocked, point "S" will be al- 
lowed to go more positive. Diode D-S is the output of 
this "AND" gate and it is "ORed" together with the other 
7 data bits to drive the relay driver circuit. 

The anode of the SCR is also connected to pulse trans- 
formers for inputting data to the I/O interface. If the 
SCR is conducting it will appear as a short circuit across 
winding 1-2. If the SCR is blocked it will appear as an 
open circuit across winding 1-2 of the input transformer. 
When the Input channel is selected and pulsed, a logical 
"1" will be stored if the SCR is blocked, and a logical 
"0" will be stored if the SCR is conducting. 

Rsitt Switch 

The outputs of the 8 SCR' s which make up the buffer reg- 
ister are connected through holding resistors to a "re- 
set" switch. This switch is a transistor which is blocked 
as shown in Figure 2. When Tl conducts it will "shunt" 
the SCR holding current since the voltage drop across 
the transistor to ground is less than the voltage across 
the SCR and the 3 series diodes. 

Figure 3 shows the motor ON/OFF bistable which is 
controlled by Bit 13 and Bit 0. If Bit 13 is a logical 
"one", then a positive pulse will appear across winding 
5-6 and the transistor T6-1 will be turned on. This 
transistor Is held on by transistor T6-2 being blocked. 
Transistor T6-2 will conduct if Bit is a logic "one". 
When this transistor conducts, it shunts the base cur- 
rent to transistor T6-1 and T6-1 will block. Transistor 
T6-2 is held on since T6-1 has blocked and the base cur- 
rent to T6-2 is no longer shunted. 

The output of T6-1, signal L, drives the mercury wetted 
motor "ON" relay. This relay is mounted on the TS 
card. 

Also shown In Figure 3 is the "Output Mode" SCR which 
is set each time the channel is addressed. Note that 
winding 1-2 is not connected, and as such, will appear 
as an open circuit when the 4 fisec channel pulse occurs, 
causing the SCR to be set. Signal "M" is used to indicate 
that the computer has performed an output. 

* * • 
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FIGURE 3 MOTOR ON/OFF BISTABLE AND OUTPUT MODE SWITCH 
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ITPl - TAPE PUNCH AMPLIFIER AND CONTROL 



GENERAL DESCRIPTION 

This module is used to accept data input from the 1DE3 
buffer and amplify these signals to drive the punch mag- 
nets. This module contains buffer amplifiers and con- 
trol. An application block diagram is shown in Figure 
1. 

CIRCUIT SPECIFICATIONS 

Input Rtqulrtmtntt 

• Data Input - zero volts input - hole will be 
punched. 

• Magnetic pickup pulse - 4V pulse, 0.5 msec 
from Tape Flinch. 

Output Requirements 

• Data Output - zero volts output - hole will be 
punched. 

• Reset Pulse - a transition of zero volts to ^28 
V sent to 1DE3 to cause 4. 5 msec delay and initiate 
interrupt. 

Power Requirements 

• ITPi module receives power from 28Vde. 8A 
power supply in the punch interface package. 

CIRCUIT DESCRIPTION 

A t>pical amplifier (one of nine) and the associated 
control is shown in Figure 2. 



The requirement of the control circuitry of the ITPl 
card is to accept the magnetic timing pulse from the 
punch and energize the power transistors associated 
with each of the selected SCR' s in the output register. 

In the quiescent state, transistor T4-10 is conducting. 
Note that this prevents T4-1 through T4-9 from conduct- 
ing since it holds their bases more positive than the 
emitters. T4-1 through T4-9 will conduct if T4-10 
blocks, allowing their base circuits to go negative. 
T4-10 is normally conducting because T8-1 is blocked. 
T3-1 will conduct when T5-2 conducts. T8-1 and T5-2 
form a bistable so that if T5-2 is turned on, it in turn 
biases T8-1 on. which further holds T5-2 on so that the 
bistable latches "on". 

T5-1 is connected to the magnetic pickup and is control- 
led by this pulse. T5-1, when enabled, turns off 
turns T5-2 on. Before any action can occur, the feed 
hole SCR must be selected. This provides an emitter 
current path for both T5-1 and T5-2. Once the SCR has 
been turned on, the next magnetic pickup pulse will 
cause T5-1 to be turned off and T5-2 to turn on; this 
causes TS-1 to come "on" and T4-10 blocks. The power 
transistors, T4-1 to T4-9, with their corresponding 
SCR on, will conduct, and the magnet in the punch will 
be energized. The magnets will remain energized for 
as long as the T5-2/T8-1 bistable is latched "ON". This 
bistable may be reset by opening the feed hole SCR on 
the 1DE3 card, which removes the emitter current path 
for transistor T5-2. 

VrTien T8-1 conducts due to magnetic pickup pulse its 
collector goes positive. This positive going signal 
causes the control on the 1DE3 card to begin timing the 
length of time that the magnets are energized. 
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3TS1 - MODEL 35 TELETYPE CONTROL CARD 



GENERAL DESCRIPTION 

The 3TS1 module is used as contml between the Model 
:;,") Telet\-pe equipment and the 4T01 buffer card. This 
card contains control and sequence circuitry. An ap- 
plication block diagram is shown in Figure 1. 




FIGURE ). APPLICATION BLOCK DIAGRAM 



CIRCUIT SPECIFICATIONS 



Signal Requirements 



• Interrupt - The inleriupt sigreil is nominally 
2(iV' tieil t(i a Ik pull up resistor. 

ITOl Signals 

• Reset - /oro volts will reset SCR buffer reg- 
istci'. 

• Sequence outputs - zero volts implies "zero". 
7\' implies "one". 



Output Mode - zero volts implies output mode 



(M). 



• Motor on/off control - zero volts implies 
turn on motor (L). 

• "K" line relay driver input - zero volts de- 
energized, ' 7. OV energized. 

2TN1 Signals 

• Sequencer out])uts - zero volts implies "zero" 
~ 7V implies "one". 



• Control signals - covered in circuit descrip- 
tion. 

Model 35 Interface 

• Mercury Relay contact used to pick power relay 
to turn on Model 35 equipment. 

• Output Contact - opens and closes line to 
Model 35 equipment. 

Power Requirements 

The 3TS1 module receives power from the ■> 26V l/O 
interface power supply. 

CIRCUIT DESCRIPTION 

3TS1 card contains the following: 

• A 5-stage counter used for converting serial to 
parallel and parallel to serial data. 

• A unijunction oscillator (PI and P2 outputs), 
which steps the 5-stagc counter. 

• The register reset circuit used to clear SCR 
register at the end of data transfer. 

• Output interrupt circuit "asking" for new output 
character in output mode. 

• Line contact used for sending serial data to 
Model 35 equipment. 

• "Reset" signal used to reset 5-stage counter at 
beginning of data transfer. 

• Motor on/off mercury relay used to pick motor 
on/off relay located at the Model 35 equipment. 

Figure 2 shows the 5-stage counter using NAND logic to 
obtain the basic timing of the Model 35 equipment. The 
timing of the counter is shown in Figure 4. Note that 
the counter is reset to E- A (step 9). This is defined as 
"start" to the Model 35 equipment. The counter is 
stepped along by PI and P2 pulses which occur alter- 
nately every 9. 09 msec. The counter will remain in the 
reset condition until the first PI pulse occurs and since_ 
E is a "one", t.he .A. bistable will be reset by PI- E, P2' A 
will reset bistable B, etc. Figure 4 indicates that by 
"AND"-ing pairs of these outputs it is possible to have 
10 different states. "Stop" is defined as D-E. 

Figure 3 is the unijunction oscillator which generates Pl 
and P2. In the quiescent state unijunction transistor 



23-1 



RM-6 




(UJT) Inhibit* PI and P2 by grounding the outputs of the 
slow NAND (SN-F). When a character Is transmitted 
(Input or output) UJT Is removed; a reset pulse sets 
SN-F-10 so that PI is always first to occur. Zener 
diode Z4-1 provides an accurate dc voltage from which 
to adjust PI and P2. 

PI and P2 are obtained by using two timing capacitor 
circuits and a diode OR gate to the unijunction emitter 
(S2-2). The slow NAND flip-flop (SN-F) alternates 
which timing circuit Is used. Each timing capacitor 
Is coupled to a transistor, T5-3 and T5-4. When a 
timing circuit causes the UJT to fire, Its correspond- 
ing transistor causes an output pulse to be generated, 
the flip-flop to change state, and the alternate pulse to 
be generated at the end of the next period. 
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FIGURE 2. S-STAC£ COUNTER CIRCUIT 



FIGURE 3. UHIJUHCTION OSCILLATOR CIRCUIT 

Figure 5 shows the relay driver circuits which control 
relay M9-1. The normally closed contacts are in series 
with the line signal to the Model 35 equipment. If the 
signal "K" is allowed to go more positive than the zener 
breakdown voltage of Z2-1, then transistor T5-6 will 
conduct and the relay will be picked up and the line con- 
tact will open. The return path for the emitter of T5-6 
is through slow NAND SN-H-5 to PSC. This slow NAND 
will conduct if T8-1 conducts, since T8-1 provides base 
current to SN-H-5. The input to T8-1 is signal "M" 
which implies output mode when it is ♦ 26V. Therefore, 
only when "M" is + 2V (output mode) will. the relay driver 
circuit T5-6 be enabled. 

Signal "X" implies output mode when it is a +26V be- 
cause T8-1 is conducting. 
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Reset ti-ansistor T5-6 will be pulsed if either "X" or 
"U" goes positive. "U" will go to positive 26V during 
the input mode. At the beginning of a data transfer, a 
reset pulse is generated, and is used to reset the 5- 
stage counter. 

Relay I\I9-2 will conduct if signal "L" goes to zero volts. 
The normally open contact will close. This contact is 
used for turning the Model 3.t motor on and off. 

Figure 6 shows some additional control and timing re- 
((Uired for the Model .In equipment. In the quiescent 
state the 5-stage counter is stopped in the D' E state so 
that signal "N" is positive. This causes slow NAND 
SN-H-10 to conduct and UFT to be zero volts. This 
signal inhil)its the unijunction oscillator as mentioned 
previously. 
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Signal "R" will be generated (zero volts) each time se- 
quencer step D- E occurs either in the input mode or the 
output mode. Transistor T5-1 is driven by unijunction 
transistor S2-1. This transistor has two timing cir- 
cuits associated with it; one for input (\) and one for 
input (Y). When D- E occurs the base circuit of S2-1 is 
allowed to go positive depending on which RC timing path 
is enabled. For the output mode the unijunction S2-1 
uses R28-1, M17-1, and C22-1; for the input mode it is 
R30 and C21-1. For output,_^'R" will conduct for lOO 
/isec about 20 msec after D-E, while for input, this 
pulse occurs about 1. 5 msec after D- E. 
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FIGURE 4. INPUT OUTPUT SCAN SEQUENCE 



FIGURE 5. RELAY DRIVER CIRCUIT 



The output of SN-G-") is the output interrupt signal and 
this slow NAND circuit is enabled only in the output 
mode. i.e. , "X" is positive 26V. 

The register reset signal will go to zero volts if either 
signal "Q" or SN-G-10 goes positive. When this happens 
T5-5 will conduct and the SCR register on the 4T01 card 
will be reset. 



Refer to Figure 7 which indicates the timing of the con- 
trol circuitry during the output mode. "N" (D-E) is at 
a positive voltage in the quiescent state. When an out- 
put occurs, the sequencer is reset to step 9 and the UJT 
inhibit signal goes positive enabling the sequencer sig- 
nal "X" to go to 26V. When step 8 of sequencer occurs, 
unijunction oscillator is inhibited and SN-G-5 output 
goes to zero volts. This resets the "M" SCR; however. 
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"X" it sUU >26V, since 8N-G-5 acta to hold in the "X" 
tranalBtor T8-1. Since "N" ia permitted to go poaitive, 
the 20 msec time delay will be enabled, after which the 
100 >iBec "R" aignal will occur. Thia signal blocks 
SN-G-S, causing "X" (T8-1) to open. Since the slow 
NAND SN-G-S blocks, this positive transition causes 
the interrupt to the I/O interface. Also while SN-G-5 
is conducting, this causes the Register Reset signal 
(T5-5). 

The Input mode is similar to the Output mode except that 
the selected RC network for S2-1 has a time constant of 
1. 5 msec; i.e., 1.5 msec after step 8 occurs, S2-1 will 
conduct, causing "R". "R" is now routed to the 2TN1 
card which results in an Input interrupt to the I/O in- 
terface. When the input occurs Signal "Q" goes posi- 
tive and the SCR register is cleared and another "R" 
signal is generated. This resets "Q" to zero volts. 
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FIGURE i- CONTROL AND TIUINC CIRCUIT 

Patsnilomtttr Atfintmtnt 

Equipment Required 

• 26V to 29V power supply. 

• Dual beam scope. 



• Connactor setup - 2 fiylvanla and 1 Elco with 
pina made available. 

Adluatment of Pl and P2 on TS Card 

1. Connect TS card to Elco and Sylvania con- 
nectors. 

2. Connect -V to pin LI on Sylvania. 

3. Connect ^V to pin HI on Sylvania. 

4. Connect -V to pins 14 and 8 on Elco connector. 

5. Connect one channel of scope to Elco X23-(P1). 

6. Connect other channel to Elco X24-(P2). 

7. Display PI and P2 trace on scope. 

8. Adjust one of two adjacent pots to obtain P2 
occurring 9. 1 msec after PI. 

9. Sync scope on P2 and adjust other adjacent pot 
to obtain PI occurring 9. 1 msec after P2, shown in "A" 
of Figure 8. 

10. Observe output of "F" NAND on TS card to be 
9. 1 msec square wave. 

11. Observe sequencer outputs "A" through "E" to 
be sure all NANDS are operating. 

12. Observe "Reset" and Elco pin X25. 
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FIGURB 7. OUTPUT MODE TIUINC CHART 
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20 msec Delay (ramp) on TS Card 

1. Remove connection X8 to -V. 

2. Connect X13, X14, X26, and X34 to X18 (-V). 

3. Connect scope to junction of C22-1 and M17-1 
and trigger scope positive. 

4. Adjust lowest pot (M17-1) on TS card for 20 
msec ramp shown in "B" of Figure 8. 



FIGURE 8. POTENTIOMETER ADJUSTMENT TmiNG CHART 
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1WD4 - WORD DRIVER MODULE 



GENERAL DESCRIPTION 



CIRCUIT DESCRIPTION 



rhis modulo is used Ui proNidc a Hi bit output to the 
I/O sul)syslL'in. Each bit of the output is desigruted 
as a "word". The "word" outputs ai'c used in the l/O 
SLibss stem 111 form a seleetion matrix with the channel 
drivef(s). An application block diatiram is shown in 
Kifjiire 1. 
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FIGURE 1. APPLICATION BLOCK DIAGRAM 

CIRCUIT SPECIFICATIONS 

Input Requirements 

The haU-selei'i input (n) t^i'll/) and H (n) f/ifi requii'e a 
mininuiiii 1 1 \'. ! /i.s pulse. 

Output Capabilities 

The "worii" output \\l)(n) prcn'ules a "one" tor a sel- 
ecti'il "uoi'd" and a ' zero" for unseleeted words. 



Each "woi-d" of the word driver circuit consists of an 
SCR with a zener diode threshold in the gate circuit 
and a twd-windin^; p,a.\.c trigKcr transformer. Each 
card contains Hi identical SCR circuits. 

Fi^re 2 shows the schematic diagram of a word SCR 
and associated circuitry. Dotted lines show the con- 
nection to the power supply switch. 
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FIGURE 2. WORD SCR SCHEMATIC 

Initially, the output transistor of the power supply 
switch IS saturated so that if a positive pulse ap- 
pears between the gate and the cathode of the SCR 
(Sl-1), the SCR can conduct, since it has sufficient 
latching current through resistor R22-f ((jr R22- 1 
and R22-I7 parallelled if used as a 10 V driver) and 
the power suppl\ switch. 



\\'I)(n) I'.immon is lieil In the positive side of the logic 
pow e r supply. 

A cuiri'ni latching circuit is provided for each "word" 
output which IS noi'malK lied to PSC through the poucr 
supp!\ switch. To r(>sot the SCR circuits, this must 
1)0 openi'il for a minimum of 150 (iS. 

P-^wer Requirements 

Logic lexci "one" of • 10 or • 2() \' dc is recjuired for 
ca rd ope ra ion. 



A particular word driver is stdected when a pulsf 
appears across the primary winding of transformer 
XI-] (word half-select lines (n) ti^d and (n) 0^ , which 
induces a voluige in the secondary winding and this 
triggers the SCR. 

The zener diode threshold prevents erroneous trig- 
gering of the SCR by noise in the half-select circuit. 
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PREFACE 

This book is intended to serve a multiple purpose. It is designed as a guide for the person who 
IS interested in learning details of the design, operation and maintenance of the Westinghouse 
PRODAC 50 Central Processor; and as a reference to specific points or questions which may 
arise from day to day in working with the P-50. 

rhe book represents the latest available information, as developed by design engineers and 
other professional personnel of the Westinghouse Computer Systems Division. And it is 
planned for subsequent modification and/or expansion, as experience grows with this first 
computing; system designed especially for process control. But it is not — it cannot be -- so 
detailed that the user can expect to derive the fullest benefit from it by mere reading. Rather, 
it is aimed at the person who will use it as part of the text material for an intensive training 
course -- for example, the computer system maintenance man — which will include substan- 
tial classroom and laboratory work, with computers and other training aids. 

Such intensive traininp,, conducted by professional Westinghouse computer instructors, natu- 
rally enriches and gives added meaning to the printed text. The computer maintenance man, 
lollowing instruction that includes solving a variety of computer "malfunctions" thoughtfully 
planned by his instructor to test his new skill and knowledge, will find the book helpful for re- 
fresher study or review. 

(Such review, when the student is home again and responsible for the smooth operation of the 
P-50 IS important for a reason that one might overlook: The P-50 is designed for great re- 
liability, and malfunctions can be expected rarely. The maintenance man, accordingly, could 
easily get "rusty" on details of computer construction and operation; how can a man keep "up" 
on maintenance procedures if he is not called upon for months on end, to concern himself with 
the computer's operation?) 

MAIM AINABILITY 

Because this book is likely to be used as a maintenance reference, an added word on the sub- 
ject of maintainability is appropriate here for the new computer student. Maintainability has 
been designed into the P-50 in several ways. Careful selection of components is an important 
factor. Another is wide-tolerance circuit design. A third is success in observmg a statistical 
principle: the fewer the components, the less chance for malfunction. Also important, silicon 
semiconductors are used exclusively in this system, which makes it possible for the P-50 to 
tolerate the temperatures and humidity of just about any industrial environment in which men 
themselves can work. 

Ka--.e uf maintenance is a feature of the P-50. The circuit cards are large, easy to insert and 
to plug firmly into place, easy to remove; and the cards are widely separated, and cooled by 

forced ventilation. 

A given circuit card contains functionally related circuits, which simplifies trouble-shooting. 
As an example, one "bit" or binary digit of each register, data path and adder are on a single 
card. If trouble should develop in processing of data, you need to determine only which bit is 
m error in order to locate the defective circuit. You then simply replace that circuit card 

with a spare. 



The checking of "symptoms" is made easy by the fact that all flip-flops have indicators on the 
ends of their cards. 

These and other design features give the P-50 calculated availability of 99.9 per cent. 

FIELD SERVICE AND SUPPORT 

Through a good many decades, Westinghouse has earned a reputation for efficient, expert elec- 
tric field service. And the engineers of the Electric Service Division have enhanced this repu- 
tation with each new technological change, including atomic reactors, space vehicles, solar en- 
gines — and computers for process control. Throughout the U. S., depending on computer 
customers' needs and the terms of their orders or contracts, Westinghouse is prepared to 
supply complete field service for its computer systems — including installation, startup, 
checkout, and if necessary maintenance service. The last-named can be on an on-call basis, 
or part-time, or full-time. 

Westinghouse computer training includes general orientation and review of process control 
computer systems; programming, and maintenance. 



GENERAL DESCRIPTION - CENTRAL PROCESSOR 

The P-50 central processor consists, functionally speaking, of a control section, an 
arithmetic section, an input-output (I/O) section, and a core memory section. 

It is impossible, however, to identify any one group of logic circuits as comprising one 
of these sections; a logical portion of one section may also function as parts of other 
sections. The Z register is an example: It serves as the input-output register for the 
memory section, one of the inputs to the arithmetic section, and as the input register 
for the I/O section. 

The four sections work together to execute the basic instructions. An understanding of 
the operation of each section gives one an adequate idea of how the central processor 
works, and serves as the basis for going on to learn the detailed operation of the P-50 
central processor. 

Central Processor Characteristics - The P-SO employs a core memory with a capacity 
')t 4K (40yn "words") that is expandable through addition of 4K modules, up to 16K. The 
vord size is 14 "bits" (binary digits). Cycle time is 4. 5 microseconds. 

The arithmetic used is fixed-point parallel binary, one's complement, negative number. 
\dd time (single word length) is 4 cycles, or 18 microseconds; for indirect addressing, 
.") cycles or 22.5 microseconds. 

There are 25 one-word, single-address instructions in the basic repertoire, all either 
directly or indirectly addressable. 

The system provides 64 levels of interrupts, with a minimum of 16 lines and Increases 
in 16-line modules. 

Clock rate is 3.3 megahertz. 

The first step in learning any specific computer system is to become thoroughly famil- 
ar with the block diagram and its information flow. Before learning the information 

ilci\v one must know the individual parts which make up the block diagram. Refer to the 

computer block diagram (Figure 1-17). 

.\~)RE MEMORY 



II should be realized that when the core memory is cycled that a fourteen bit word is 
inesented, in parallel, to the input gates of the Z register where it may or may not be 



I' 
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t n ^-. 



ed. At this time in the core cycle the contents of the selected address of memory 
has been cleared to zero. The output of the adder is then written into this memory 
location. The specified core memory address may be gotten in one of three ways. If 
:i Select S signal is received, the address will be specified by the fourteen bit word in 
the S register. If a Select P is received the address will be gotten from the wired in 
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address circuitry and will be address 00000 octal. If a Select A is received the address 
will be gotten from the wired in address circuitry and will be address 00101 octal. 

HALF SELECTS 

The half select (HS) circuitry is used to translate the address into the X and Y drive 
paths for the core memory. This circuitry will translate the fourteen bit address 
word in the S register, or the wired in address for the P or A register as determined 
by the select. 

REGISTERS (General) 

So far the term register has been thrown around without adequate definition. Well no 
attempt will be made at this time to do so either, but some reassurance that one is 
coming will now be given. Registers will be more fully defined and their operation ex- 
plained shortly. For now it must be realized that a register is a storage device which 
has been given a special task as described below. 

REGISTERS 

Tht' P-50 uses registers both internal and external to core memory (see block diagram 
Figure 1-17). 

The internal registers include: 

Accumulator or "A" Register 

A 14-bit accumulator for the arithmetic unit which stores the results of arithmetic and 
logical operations. 

Program Counter or "P" Register 

A 14-bit register which contains the address of the instruction currently being per- 
formed. It is incremented — that is, increased by one — at the beginning of execution 
of each instruction. 

The external (and visually indicated) registers are: 

Address Register or "S" Register 

A 14-bit storage location which serves as the embarkation or starting point into the 
half-select addressing system for all variable addressing, for core memory, process 
locations, and I/O devices. 

Addend Register ("Z" Register) 

A 14-bit register most frequently used to receive the output of core memory. By way 
of sense amplifiers, the "Z" register receives all the words read out of core. In com- 
bination with the "X" register, the "Z" register generates an input to the adder, and 
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Figure 1-17. Computer Block Diagram 
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subsequently to any location designated in core memory. The "Z" register also relays 
the function code and the mode bit (indicating indirect addressing) to the Function ("F") 
register. In addition, the "Z" register relays to the "S" register, via the adder, the 
least significant 8 bits of the instruction, which serve as the operand address. Finally, 
the "Z" register handles all inputs to the central processor. 

Augend or "X" Register 

This 14-bit register participates in shifting activities as well as handling the comple- 
menting instruction. In conjunction with "Z", the "X" register produces input to the 
adder, such as advancing "P", decrementing a core location or permitting a transfer 
unchanged. Also it handles all outputs from the central processor. 

Function or "F" Register 

This is a 6-bit register which receives its information from the "Z" register. Bit 
positions 9 through 13 in "F" (which are positions 9 through 13 of the instruction) com- 
prise the function code, signalling which of the 25 P-50 instructions is to be performed. 
Bit 8 is the mode tag, indicating block (direct) or indirect mode. 

Designator Register 

This is a series of 5 flip-flops provided to store the results of the examination of the 
last word that has been written into memory. The designator examines each memory 
operation for: 

Zero or not 

Positive or negative 

Odd or even (for both positive or negative) 

End-around carry (which can occur in any addition or subtraction) 

Overflow 

Generally, all instructions except those used to test the designators will cause these 
5 flip-flops to be set appropriately. Testing, by means of the designator jump instruc- 
tions, may be done immediately after any such operation, at the programmer's option. 

4< i* 4< 

Since the "X", "Z", "S" and "F" registers function only during execution of an instruc- 
tion, and hold no information between times, their contents may be destroyed between 
instructions without effect on computation. All information that must be retained be- 
tween instructions is stored in core memory (that is, in the "A" or "P" registers), 
with the exception of the designators. Load and Store Designator instructions, called 
by an interrupt caused by power loss, provide means for bringing designator content 
into core memory also. Thus power loss or planned shutdowns do not cause a loss of 
information or computing sequence. 
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CONTROL SECTION 

Referencing Figure 1-17, it can be seen that several transfer paths exist between the 
various registers. Even though it is not shown on the diagram, all of these transfer 
paths cannot be enabled at the same time . The transfers should be done only at the 
proper time and in the proper order. This timing and sequencing of the various com- 
mands is the responsibility of the control section. 

The control section of the central processor consists of five logic blocks; these are the 
master clock, cycle counter, the sequencer, the function translator, and the command 
enables (see Figure 1-18). 

The master clock is a tapped LC delay line with a total of six taps which are labeled LO, 
LI, L2, L3, L4, and L5. These are the main timing of the central processor and govern 
its operational speed. One pass down the master timing LO through L5 is considered one 
cycle. 

The cycle counter is a two flip-flop counter which determines which of the master clock 
cycles is being performed. These cycles are labeled 0, 1, and 2. A group of the three 
cycles is considered a sequence. 

The sequencer consists of two ranks of three flip-flops each. One rank is called the HA 
or half advance rank and the other rank is called the SA or sequence advance rank. The 
sequencer tells the central processor which sequence it is performing at the current 
time and which sequence will be performed next. One must be very careful in that the 
three flip-flop rank does not contain a binary representation of the sequence. The se- 
quences are labeled one through seven and are represented by Roman numerals. 

Sequence I is a one and one half micro second scan sequence. This sequence is used to 
scan the 64 interrupt words. Sequences II through Vn are four and one half micro sec- 
onds each. Sequence II is used to update the contents of the P register by one and trans- 
fer the updated contents to the S register. Sequence HI will call up the instruction and 
transfer the function code and mode bit to the function register and replace bits 0-7 of 
the S register with bits 0-7 of the instruction. Sequence IV is the indirect sequence; it 
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will transfer the contents of the memory address specified by the S register into the S 
register. Sequences V and VI are the arithmetic sequences. They are used to call 
up the contents of the A register or the operand address, and restore information into 
the A register or the operand address. Sequence VII is the jump sequence. This se- 
quence is used to transfer, what would normally be the operand address, into the P 
register. 

The function translator is a group of logic circuits which translates the output of the 
function register and tells the central processor what instruction it is to perform. 

The command enables circuit is a group of logics which looks at the output of the master 
clock, the cycle counter, the sequencer, and the function translator to determine which 
individual command or group of commands is to be done at that particular instant. 

ARITHMETIC SECTION 

The arithmetic section of the central processor consists of one logic circuit called the 
adder and three registers. Two of these registers are the Z register and the X reg- 
ister. These two registers are the two inputs to the adder. The third register in the 
arithmetic section is the accumulator register (A register), which is located in core 
memory at address 00101 octal. The arithmetic section does the performance of the 
arithmetic and logic functions of an instruction. This section is also used for many of 
the housekeeping type operations like the updating of the P register, and the transfer- 
ring of information to various registers. 

INPUT OUTPUT SECTION 

The input output section of the central processor contains many logic circuits. One of 
these circuits is the translating circuit for the address contained in the S register. This 
translating circuit is shared with the memory section. This section also contains the 
circuits for driving a particular channel and a particular word on that channel. The in- 
put output section also contains the circuitry for the interrogating of the 64 interrupt 
word addresses. The input output section receives its address information from the S 
register, its output data information from the X register and sends its input information 
to the Z register. This section is the interface between the arithmetic and control sec- 
tion of the central processor and the process itself. 
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CORE MEMORY BASIC DESCRIPTION 

The core memory section of the central processor consists of the core memory section 
itself, the input output register for this core memory called the Z register, and the 
core memory address register called the S register. It can be seen that everything 
centers around the core memory itself, and in order to understand this section's oper- 
ation, the basic theory of core storage should be understood. 

The storage medium for the core memory is the ferrite core. The core is a small 
torride of a ferrite material, which exhibits what are called square loop properties. 
The diameter of this core is about . 05 inches (see Figures 1-3 and 1-4). Because of 
the rectangular shape of the square loop, the core is binary in nature. That is, it has 
two stable states of flux saturation; one state is a one (point d on the loop) and the other 
state is a zero (point a on the loop). The core can be saturated to either of these stable 
states by a magnetic force. The magnetic force is derived from current passing through 
the drive wires which are threaded through the core. When the core is saturated to the 
zero or the one state flux density is maximum. When the magnetizing current is re- 
moved from the drive windings the core will remain in this magnetic state. 

The core memory is a coincident current, random access core memory. In this type 
of a core memory, magnetizing current required to flip a core from the zero state to 
the one state or from the one state to the zero state is supplied by two drive windings 
passing through the core. Each drive winding carries half enough current to flip the 
core from one state to the other. If one winding is turned on and the other winding is 
turned off the resultant current is only half enough to flip the core, therefore the core 
remains in the original state. If both windings are turned on and the current is in a 
direction which will flip the core, the resultant current is two half drives or a full drive, 
which is sufficient to flip the core to the other state. 

Using this iaiowledge of the operation of a core memory let us proceed to build a work- 
able core memory section. If we arrange 16 individual cores, in a manner shown in 
Figure 1-5, we have what is called a core plane. The drive windings mentioned above 
are placed through the cores in the manner shown. It can be seen that a drive winding 
for each core passes through three other cores along the same line. One of the half 
drive windings going through a line of cores is labeled X and the other is labeled Y. If 
we select any one X line and drive one half enough current through it and select any one 
Y line and drive one half enough current through it, it can then be seen that all cores 
a ong each line will receive one half enough current to flip those cores. At the point 
where the two lines intersect there is a core which receives one half enough current 
f] om the X line and one half enough current from the Y line. Therefore, this is the 
oily core in the plane to receive two half currents, or a full current. This core is 
Slid to have been selected and will flip. 

Let us assume that this selected core was in the zero state. If we put a current through 
ti e drive lines in the read direction (the read direction being defined as the direction re- 
quired to flip the core to the zero state), it can be seen that since the core was already 
in the zero state it could not flip. If this core had been in the one state originally, then 
it would have flipped. When this core flipped, it created a large change in a magnetic 
flux around the core. 
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A third winding through the core plane is called a sense winding. This winding passes 
through every core in the core plane, therefore, the core which flips will induce a volt- 
age onto this sense winding. 

If no voltage is induced when we read the core, we assume the core was in the zero 
state. If a voltage appears on the sense winding when we read the core it is assumed 
tho core was in the one state. The fact of voltage or no voltage on the sense wire is 
remembered by the Z register. As this type of reading of core memory leaves the 
core in the zero state it is called destructive readout. The core is now in the zero 
stite and the Z register remembers the original state. We then must write the infor- 
mation back into the core. This is done by reversing the direction of current in the X 
and Y drive lines. This attempts to flip the core back to the one state. It can be seen 
now we have a problem. If the core was originally in the one state, it will flip back to 
tht" one state, but if the core was originally in the zero state we must stop it from going 
to the one state. The method chosen to do this is to add an additional winding called an 
inhibit winding. This winding is placed through all cores of a core plane so that a cur- 
rent passing through it will be in the opposite direction to the write current. This will 
be a one half current. If we turn on the inhibit winding and both of the write windings 
at the same time, the inhibit winding will cancel the effect of one of the write windings. 
Tiicre will, therefore, be a resultant of only one half current which will leave the se- 
lected core in the zero state. It may now be seen that the inhibit winding will be con- 
trolled by the Z register. That is, if a one is detected in the Z register the inhibit 
winding will not be turned on, but if a zero is detected in the Z register the inhibit cur- 
rent will be turned on to cancel or inhibit the writing of a one in the core. 

\\ I now have the ability to address a one bit core memory. If we use the same principle 
and stack several of these core planes one on top of the other (Figure 1-6), we can make 
a core memory of as many bits as we choose. If we desire a three bit word length com- 
puter we would stack three of these core planes, if we desire a six bit core memory we 
would stack six of these planes. The number of planes stacked would be governed by 
thr word length of the computer. In Figure 1-6 three core planes are shown one on top 
of I he other. It can be seen in this figure that the X lines and Y lines pass through one 
lino of cores in each core plane. The sense and inhibit lines in this figure are not 
sh')wn, but they would be restricted to their own core plane. Thus, if we select one 
X line and one Y line, it can be seen that we will pick one bit in each core plane. We 
can read the information from the top core plane and send it to the 2^ position of the Z 
reiister. The information from the next core plane down would be sent to the 2^ posi- 
tion and the next core plane to the 2^ position and so forth. The inhibit winding for the 
top plane would get its information from the 2^ position of the adder*, the next one 
down the 2^ position, and so forth. When we drive a particular X and Y line, we will 
gate the entire word in parallel into the Z register, then on the write cycle (not to be 
CO ifused with clock cycle) we will turn on the inhibit lines for each bit plane correspond- 
\n\ to zeros at the output of the adder. 



"The P-50 uses the output of the adder instead of Z to determine inhibits. 
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Figure 1-5. Core Plane Wiring 
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Figure 1-6. Core Stack Drive Wire Configuration 
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Let us look at a typical read-write cycle. A typical read-write cycle would be to se- 
lect a particular X and Y line (address select) determined by the translation of the S 
register. We gate the information from the selected core memory address into the Z 
register. If we decide to restore the information into the core unchanged, we leave the 
other input to the adder (the X register) set the zeros. Then we take the output of the 
adder which would be Z+0, or just Z, and transmit this via the inhibit lines back into 
the core memory. If we should desire to write new information into core, we select 
an X and Y line, read the core memory, inhibit the reading of the information into the 
Z register, place new information into the X register, and transmit the output of the 
adder, which would then be X+0, or new information plus zero, into the core memory. 
It can be seen that the difference between a read and a write cycle is what we do with 
the X and the Z registers. As far as the core memory itself is concerned, there is no 
difference. 

The PRODAC 50 uses 64 X lines, 64 Y lines and 14 bit planes in its core memory, but 
the basic principle is still the same. 



2-6 



r 



ME 



HEMORY 
SELECT 

& 
ENABLE 



._J 



FROM S REGISTER 
LOWER 12 BITS 



S REGISTER 

UPPER 
2 BITS 



HALF 
SELECT 
DECODE 



L. 



IP 



STACK 
DECODE 



r" 



^ 



MA 



TO THRESHOLD 

AND STROBE CKTRY 

AND INPUT TO 

2 REG 



X 

PULSER 

READ & 

WRITE 



+ 



CP 



-■-■ MB -W 



X 

DECODE 



MB 



HSI 



ZL 



Y 
DECODE 



SENSE 
PRE-AMf> 



ti 



Y 
PULSER 
READ & 
WRITE 



CP 



CORE 
STACK 



SA^ 



ADDER OUTPUT 



I 



INHIBIT 
PULSERS 



CP k K CORE 



8 K CORE 



12 K CORE 



16 K CORE 



Figure 1-10. 

oome locations in core have special significance. Location 00000 is used as the Program 
Counter and is directly accessible via the half-selects by the SEL P signal. Location OOlOl is 
used as the Accumulator and is accessible by the SEL A signal. At all other times SEL S is 
used as the timing signal which gates the S register contents to the Half-Select Decode. 
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ADIJKESSING 

Hall-Selects 

The inputs to the half-select switches are the lower 12 bits of the S register and the SEL S 
signal, or the SEL P, or SEL A signals. The function of the half-select switches is to route 
current through the core stacks, the Interrupt buffer cores, or the I/O subsystem. The pulse 
energy is derived from the X Read. X Write, Y Read or Y Write pulsers associated with the 
selected stacks. (In the case of Interrupt scan selection or I/O subsystem selection, separate 
pulsers are used). The means whereby the half-select decode operates is the simultaneous 
selection of a subrow and subcolumn half-select switch. The subrow switch completes the 
path to the positive supply from the pulser through a half-select transformer. The three X 
(or V) subrow bits are the lowest three bits of the X (or Y) part of the address. These bits 
are decoded to select one of eight X (or Y) half-select transformers. The remaining three X 
(or Y) bits are associated with the eight subcolumn half-select switches. The eight subcolumn 
half-select switches connect up to eight loads on any of the eight half-select transformer sec- 
ondaries. Thus by way of the three subrow bits and three subcolumn bits up to 64 paths can be 
selocteci. In the case of the core stack the 64 paths are the 64 half-select lines for X or Y. 

The IIS card contains four subrow half-select switches and four subcolumn half-select switches. 
1 our HS cards are used in the mam frame to provide eight subrow switches for X and eight for 
"i'. and eiji'ht subcolumn switches for X and eight for Y. 

Diode I^oards 

In unicr to route currents through the selected half-select lines, parallel unselected paths 
must be blocked by blocking diodes. Each path needs two blocking diodes. This is because 
patiis must be blocked lor the two directions of current flow corresponding to Head and Write. 
This means that the 64 X half-select lines and 64 Y half-select lines require 256 diodes. These 
diodes are mounted on two diode boards, the M.A and MB, which are attached to either side of a 
stack. Also mounted on the two diode boards are the 16 half-select transformers and damping 
resistors associated with the stack. 

Pulsers 

riif Kead, Write, and Inhibit pulsers are associated with a 4096-word stack. The same circuit 
IS used lor each of these current pulsers with six circuits located on each CP card. This high- 
l)o\ver current pulse source is intended to produce stable currents even when operated from an 
unrc'i;ulated supply. Potentiometers for adjusting currents through a 300 milliampere to a 400 
iiiillianipere range are provided. The rise times of the current pulses are controlled to give 
a o.'.i microsecond lO'/c to 90% rise. The fall is not controlled but drops at nearly the same 
rale. 

rhe pulsers are the means by which a particular stack is selected. Addressing is a continuing 
procedure involving the half-select switches, but only that stack will be energized, and there- 
lore selected, whose pulsers are selected. The Stack Select signal is derived from the Inhibit 
Paddle cards where N.ANDs decode the upper two bits of the S Register. 

Inhibit Paddle Card 

Thi IP Inhibit Paddle Card contains damping resistors for the Inhibit lines. Also on this card 
are two NANDs which are used to decode the upper two bits of the S register and generate 
Staek Select signals for the various stacks. 
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DATA CIRCUITS 

Sense Amplifier 

An SA Sense Amplifier is associated with each core stack. There are 14 amplifiers on a card 
corresponding to the 14 sense line pairs. The line itself is terminated in 100 ohms. The am- 
plifier is a balanced differential type with a normal mode gain of about 60 to 5 mc and a com- 
mon mode rejection at 1 mc of 60 db. Since response voltage signals can be of either polarity, 
an output transformer and rectifiers are used to created unipolar signals at a new voltage level 
on the output of each amplifier. The outputs of amplifiers from up to four stacks are paralleled 
and tied to the bit card where the threshold detector and strobe circuits are located. 

Inhibit 

The Inhibit pulsers are located on the^P card. Fourteen pulsers are used per core stack. 
The outputs of the Adder gated by the W timing signal are always feeding the data inputs of all 
the Inhibit pulsers. Only the Inhibit pulsers which are selected by the Stack Select signal will 
drive Inhibit lines to determine whether a zero or one is restored to a core location. 

TIMING CHART 

The important signals associated with the Core Memory Subsystem are the Select, Read, Strobe, 
Write, and Inhibit timing signals. Another time is the gap between Strobe and Write which is 
allotted to Adder propagation time. The signals for a core sequence are shown in Figure 1-11. 
All signals are determined by fixed timing taps except Strobe, which can be adjusted over a 
range of five selectable 50-nanosecond taps. Select P and Select A are not shown but have the 
same extension as the Select S signal. 
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Figure 1-11. Core Memory Subsystem Timing Chart 



2-9 



'This Page Intentionally Blank" 



2-10 



REPERTOIRE OF INSTRUCTIONS 



COMMAND STRUCTURE 

All P-50 instructions may be either directly or indirectly addressed. The bit configuration 
for each address mode is as follows: 



Instruction, Direct Address Mode 



13 12 11 10 9 


8 


7 6 5 4 3 2 10 


Function 
Code 





Relative 
Address 



Bit 



Content 



In the direct address mode, the 14-bit operand address required to reference a memory cell 
is generated by the six most significant bits of the program address register and the low-order 
eight bits of the instruction (the relative address). This imposes the requirement that all in- 
structions which are directly addressed have their operand in the same block of 256 words in 

which the instruction is located. 

Instruction, Indi rect Address Mode 

Bit 
Content 



13 12 11 10 9 


8 


76543210 


Function 
Code 


1 


Relative 
Address 



Address Defined by P R egister and Relative Address 

Bit 



13 12 11 10 9 8 7 6 5 4 3 2 1 



Operand Address 



Content 



In the indirect address mode, the operand address is defined by the contents of the location 
specified by the six most significant bits of the P Register and the low-order eight bits of the 
instruction (the relative address). 

Input/Output instructions vary slightly from this pattern. 

Input/Output Instruction, Direct Address Mode 

Bit 
Content 

In the direct address mode, used primarily for input, the low-order six bits of the instruction 
designate the I/O channel. 



13 12 11 10 9 
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7 6 


5 4 3 2 10 


Function 
Code 





Not 
Used 


Channel 
Number 
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Input /Output I nstruction, Indirect A ddress Mode 

Bit 
Content 



13 12 11 10 9 


8 


7 6 5 4 3210 


Function 
Code 


1 


Relative 
Address 



13 12 


11 10 9 8 7 6 


5 4 3 2 10 


Not 
Used 


Word 
Select 


Channel 
Number 



Address Defined by P Register and Relation Address 

Bit 
Content 



In the indirect address mode, used mainly for output, the six most significant bits of the pro- 
gram address register and the low-order eight bits of the instruction specify the location of 
the I/O data word. The I/O data word contains the channel number in the low-order six bits 
(5-0) and the word number relative to the channel in bits 11-6. 

TIMING 

The execution of an instruction in the indirect mode occupies 4.5 microseconds more than when 
the instruction is executed in the direct mode. 



DESCRIPTION OF OPERATION 



INST. 



-- A 
-^ A 



A + (Y) 
A - (Y) 

(Y) A 

A (Y) 

A © (Y) A 

L (A)(Y) -A 

(Y) Rl -(Y) 

(Y) LI (Y) 

(Y) - 1 (Y) 

SET (Y)i3 
CLR (Y)i;, 
(Y4_o) DES 

DES ^(Y4_o) 

I/O A 

^ I/O 

Y P 

Y -P 

Y -P 



MNE 



CODE 



ADD 




10 


SUB 




11 


ENL 




32 
33 


STL 




37 


EOR 




13 


AND 




12 


RSH 




16 

17 


LSH 




14 
15 


DCR 




01 


SMB 




03 


CMB 




02 


EDR 




05 


SDR 




06 
07 


INT 




30 
31 


OUT 




34 
35 


JMP 




24 


SLJ 




22 


CLJ 




23 



DES 


REMARKS 


SET 


ADD 


SET 


SUBTRACT 


SET 


LOAD A 


SET 


STORE A 


SET 


SEL. COMPL. 


SET 


LOGICAL PRODUCT OF (A) & (Y) 


SET 


END off - SIGN EXT- 


SET 


END - AROUND 


SET 


DECREMENT 


SET 


SET MOST SIG. BIT 


SET 


CLR MOST SIG. BIT 




LOAD DESIGNATORS 


K 


STORE DESIGNATORS 


SET 


INPUT 


SET 


OUTPUT 


K 


JUMP 


K 


SET LOCKOUT 


K 


CLR LOCKOUT 
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INST. 



MNE 



CODE 



DES 



REMARKS 



Y -P 

if DESIG SET 
Y ^P 

if POS DESIG SET 
Y -P 

if EVEN DESIG SET 
Y -P 

if EAC DES SET 
Y ^P 

if OVERFL DES SET 
(P) ^ Y, Y -P 

STOP 



ZJP 
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PJP 




27 


EJP 
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CJP 




25 


OJP 




26 


RJP 




36 


STP 




00 
04 



K 
K 

K 

K 

K 
K 

K 



JUMP ON ZERO 

JUMP ON POS. 

JUMP ON EVEN 

JUMP ON END AROUND CARR^ 

JUMP ON OVERFLOW 
RETURN JUMP 

STOP 



REPERTOIRE OF INSTRUCTIONS 

Mnemonic Code 
Octal Code 



Description 



STP 
00,04 



DCR 



CMS 
02 



SMB 
03 



STOP 

Execution time: 9 microseconds 2 

The computer comes to a stop with the contents of bits 13-8 of the P Register in 
bits 13-8 of the S Register and the contents of bits 7-0 of the stop instruction in 
bits 7-0 of the S Register. The mode bit is disregarded and the designators are 
unchanged. 

DECREMENT 

Execution time: 13.5 microseconds , 

A negative one is added to the operand. The appropriate designators are set if an 
overflow, end-around carry, zero, positive number, and/or even number results; 
otherwise, all the designators are cleared except the overflow designator. 

CLEAR MOST SIGNIFICANT BIT 

Execution time: 13.5 microseconds "-, 

The sign bit (bit 13) of the operand is cleared to zero and the positive designator 
is set. The zero and even designators are set or cleared depending on the resultant 
contents of the operand. The end-around carry designator is cleared, and the over- 
flow designator is unchanged. 

SET MOST SIGNIFICANT BIT 



lixecuiion ume: 



13.5 iiiicroseconuS 



The sign bit (bit 13) of the operand is set to one. The even and zero designators 
are set or cleared depending on the resultant contents of the operand. The positive 
and end-around carry designators are cleared, and the overflow designator is un- 
changed. 
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EDR ENTER DESIGNATORS 

05 

'k Execution time: 13,5 microseconds 

Bits 0-4 of the operand replace the contents of the five designators in the follow- 
ing manner: 

Bit 4 *• Even designator 

Bit 3 ^ Zero designator 

Bit 2 ^Positive designator 

Bit 1 *■ Overflow designator 

Bit *• End-around carry designator 

Only this instruction can clear the overflow designator once it has been set. 

SDR STORE DESIGNATORS 

06,07 

% Execution time: 13.5 microseconds 

The five designators are stored in bits 0-4 of the operand. The designators are 
not changed as a result of this instruction. The storage is as follows: 

Even designator *- Bit 4 

Zero designator *- Bit 3 

Positive designator *■ Bit 2 

Overflow designator ^ Bit 1 

End-around carry designator ^Bit 

(Y)5_i3 are cleared to zero 

ADD ADD ACCUMULATOR 

10 H 

Execution time: 18.0 microseconds 

The operand is added to the contents of the accumulator and the result is left in 
the accumulator. The result is positive zero only if the initial contents of the ac- 
cumulator and of the operand were both positive zero. The even, zero, positive, 
and end-around carry designators are set or cleared by the execution of this in- 
struction. The overflow designator will be set if an overflow occurs; otherwise 
it is unchanged. 

SUB SUBTRACT ACCUMULATOR 

11 U| 

Execution time: 18,0 microseconds 

The operand is complemented and added to the contents of the accumulator (a sub- 
traction, in effect); the result is left in the accumulator. The difference is posi- 
tive zero only if the initial contents of the accumulator were positive zero and the 
operand was negative zero. The even, zero, positive, and end-around carry des- 
ignators are set or cleared by the execution of this instruction. The overflow des- 
ignator will be set if an overflow occurs; otherwise, it is unchanged. 
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AND LOGICAL AND 

12 



'^ 



H 



^ 



Execution time: 18.0 microseconds 

For any bit position of the operand which contains a zero, the corresponding bit 
position of the accumulator is unconditionally set to zero; all other bit positions 
of the accumulator remain undisturbed. The effect of this instruction is to com- 
pute the bit-by-bit or logical product of the contents of the accumulator and the 
operand, leaving the result in the accumulator. The even, zero, and positive des- 
ignators are set or cleared depending on the result in the accumulator. The end- 
around carry designator is set; the overflow designator is unchanged. 



Example: 



(Accumulator) (Operand) 



Initially: 01011 00101 

After execution of AND instruction: 00001 00101 

(Positive designator is set to one; 
even and zero designators are cleared 
to zero, and the EAC is set to one.) 

EOR EXCLUSIVE OR 

13 

Execution time: 18.0 microseconds 

For any bit position of the operand which contains a one, the corresponding bit of 
the accumulator is complemented; all other bit positions of the accumulator re- 
main undisturbed. The even, zero, and positive designators are set or cleared 
depending on the result in the accumulator. The end-around carry designator is 
cleared, and the overflow designator is unchanged. 

Example: 

(Accumulator) (Operand) 

Initially: 01011 00101 

After execution of EOR instruction: OHIO 00101 

(Even and positive designators are set 
to one; end-around carry and zero 
designators are cleared to zero.) 



LSH LEFT SHIFT 

14,15 

Execution time: 18.0 microseconds 

Shift the operand to the left one bit position; the high-order bit replaces the low- 
order bit of the operand. The even, zero, end-around carry, and positive desig- 
nators are set or cleared depending on the result. The overflow designator is set 
if the sign of the operand changed as a result of the left shift; otherwise it is un- 
changed. 

For example, the operand = 24505. After LSH, the operand = 11213 with the pos- 
itive, end-around carry, and overflow designators set to one, all other designators 
cleared to zero. 
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RSH RIGHT SHIFT 

16.17 

Execution time: 18.0 microseconds 



1 



Shift the operand to the right one bit position; the high-order bit is replaced by 
the original bit. Note that this is an end-off shift and that the low-order bit enters 
the end-around carry designator. The zero, even, and positive designators are 
set or cleared depending on the result. The overflow designator is unchanged. 

For example, the operand = 24505. After RSH, the operand = 32242 with end- 
around carry designator set to one, the positive, zero, and even desigjnators 
cleared to zero. 

ZJP *ZEROJUMP 

20 3 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the zero designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. Note that the zero designator will be set by 
negative zero (all ones) or by positive zero (all zeros). The designators are not 
changed as a result of this instruction. Interrupt is inhibited immediately follow- 
ing the execution of this instruction. 

EJP *EVEN JUMP 

21 -> - - ~ 

Execution time: 13.5 microseconds if jump, 9,0 microseconds if no jump. 

If the even designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. Note that the even designator is set when- 
ever bit 13 and bit of a referenced location are equal. The designators are not 
changed as a result of this instruction. Interrupt is inhibited immediately follow- 
ing the execution of this instruction. 

SLJ ♦set lockout AND JUMP 

22 '^ ~ ~ " 

Execution time: 13.5 microseconds 

Lock out all interrupts and transfer the operand address to the P Register. The 
designators are not changed as a result of this instruction. 

CLJ *clear lockout and jump 

23 'h 

Execution time: 13.5 microseconds 

Remove the interrupt lockout and transfer the operand address to the P Register. 
The designators are not changed as a result of this instruction. Interrupt is in- 
hibited immediately following execution of this instruction. 



♦Note that when an operand address is transferred to the P Register, the instruction at location 
operand address plus one is the next instruction to be executed. 
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JMP *JUMP ■> 

24 -^ 

Execution time: 13.5 microseconds 

Unconditionally transfer the operand address to the P Register. The designators 
are not changed as a result of this instruction. Interrupt is inhibited immediately 
following the execution of this instruction. 

CJP *END-AROUND CARRY JUMP -> 

25 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the end-around carry designator is set, transfer the operand address to the P 
Register. Otherwise, take the next instruction. The designators are not changed 
as a result of this instruction. Interrupt is inhibited immediately following the 
execution of this instruction. 

OJP +OVERFLOW JUMP Z 

26 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the overflow designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. The designators are not changed as a result 
of this instruction. Interrupt is inhibited immediately following the execution of 
this instruction. 

PJP * POSITIVE JUMP 

27 5 

Execution time: 13.5 microseconds if jump, 9.0 microseconds if no jump. 

If the positive designator is set, transfer the operand address to the P Register. 
Otherwise, take the next instruction. The designators are not changed as a result 
of this instruction. Interrupt is inhibited immediately following the execution of 
this instruction. 

INT INPUT TO COMPUTER 

30,31 ^ 

Execution time: 18,0 microseconds 

In the direct mode, data on the input channel specified by bits 0-5 of the instruction 
are input into the accumulator. In the indirect mode, bits 0-5 of the l/O data word 
select the input channel and bits 6-11 the word address. The indirect mode should 
be used with utmost caution; otherwise, conflict with other peripheral devices may 
occur. The designators are set, cleared, or unchanged as in the ENL instruction. 

ENL ENTER ACCUMULATOR 

32,33 y 

Execution time: 18.0 microseconds 

Clear the accumulator, then transmit the operand to the accumulator. The even, 
zero, and positive designators are set or cleared depending on the resultant con- 
tents of the accumulator. The end-around carry designator is cleared to zero, 
and the overflow designator is unchanged. 



♦Note that when an operand address is transferred to the P Register, the instruction at loca- 
tion operand address plus one is the next instruction to be executed. 
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OUT OUTPUT FROM COMPUTER 

34,35 

/( Execution time: 18.0 microseconds 

If indirectly addressed, the contents of the accumulator are output on the channel 
selected by bits 0-5 of the I/O data word and the word selected by bits 6-11. In 
the direct mode, the contents of the accumulator are output on the channel selected 
by bits 0-5 of the instruction. The designators are set, cleared, or unchanged as 
in the STL instruction. 

RJP ♦RETURN JUMP 

36 / 

Execution time: 22.5 microseconds 

Store the contents of the P Register in the operand; transfer the operand address 
to the P Register. The designators are not changed as a result of this instruction. 
Interrupt is inhibited immediately following the execution of this instruction. 

STL STORE ACCUMULATOR 

37 l/f 

Execution time: 18.0 microseconds 

Store the contents of the accumulator in the operand. The even, zero, and positive 
designators are set or cleared, depending on the contents of the accumulator. The 
end-around carry designator is cleared to zero, and the overflow designator is 
unchanged. 

( 
THE DESIGNATORS 

Even Designator 

The even designator is affected (set or cleared) by the execution of the following instructions: 
DCR, CMB, SMB. EDR, ADD. SUB, AND, EOR. LSH, RSH, INT, ENL, OUT, STL. 

When the even designator is set by the execution of an instruction other than EDR, it implies 
that bits and 13 of the result of the instruction are both zero or both one. 

Zero Designator 

The zero designator is affected (set or cleared) by the execution of the following instructions: 
DCR, CMB, SMB, EDR, ADD, SUB, AND, EOR, LSH, RSH, INT, ENL, OUT, STL. 

When the zero designator is set by the execution of an instruction other than EDR, it implies 
that the result of the instruction is 00000 or 37777. 

Positive Designator 

The positive designator is affected (set or cleared) by the execution of the following instructions: 
D' K, EDR, ADD, SUB, AND, EOR, LSH, RSH, INT, ENL, OUT, STL. The positive designator 
is always set by the execution of the CMB instruction, always cleared by the execution of the 

SMB instruction, 

W hen the positive designator is set by the execution of an instruction other than EDR, it implies 
that bit 13 of the result of the instruction is zero. 



♦Note that when an operand address is transferred to the P Register, the instruction at location 
operand address plus one is the next instruction to be executed. 
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End-Around Carry Designator 

The end-around carry designator is affected (set or cleared) by the execution of the following 
instructions: DCR, EDR, ADD. SUB, LSH, RSH. The end-around carry designator is always 
cleared when CMB, SMB, EOR, INT, ENL, OUT, and STL instructions are executed. EAC is 
always set with execution of AND. 

When the end-around carry designator is set by the execution of a DCR, ADD, SUB or LSH in- 
struction, it implies that an end-around carry has occurred. When the end-around carry des- 
ignator IS set by the execution of a RSH instruction, it means that the low-order bit of the op- 
erand which is shifted off is a one. 

Overflow Designator 

The overflow designator is set whenever two positive numbers are summed and the result is 
negative, or two negative numbers are summed and the result is positive. The overflow des- 
ignator can be set by the execution of the following instructions: DCR, ADD, SUB, LSH. The 
EDR instruction only can be used to clear the overflow designator. 

Designators When Clear 

The designators, when clear, indicate the following: 

Odd (Even designator) 

Non-zero (Zero designator) 

Negative (Positive designator) 

No end-around carry (End-around carry designator) 

No overflow (Overflow designator) 
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COMMAND TIMING 

Command timing is a list of all commands required to perform a given instruction with 
respect to order of occurrence. 

Before delving into the heart of command timing several things should be established. 
It is expected that one is familiar with the block diagram including all registers, the 
various parts of the control section diagram as to why they exist and what they do, and 
the repertoire of instructions. 

Along the left hand margin of command timing is the computer timing with respect to 
the master clock. The three sets of LO - L5 which are listed correspond to cycle 0, 1, 
and 2. The top of the page prior to cycle 0, LO gives the sequence number and the con- 
ditions which must be met for this sequence to be done. 

Tracing an instruction through command timing to determine the sequences performed 
is done as follows. Assume an add instruction is to be done (octal code 10). Start with 
sequence II. (All instructions start with sequence II. ) No conditions are stated for its 
entrance, therefore we can say and rightfully so that all instructions do sequence II. 
After an ADD goes through sequence II the computer turns the page to sequence III. No 
conditions here either so it does sequence III. It then looks at sequence IV. It is not 
an unsatisfied jump (it is not a jump at all) so the computer says "is the mode bit equal 
to one ?", if yes do sequence IV if not skip sequence IV. After making the decision and 
either doing or not doing sequence IV the page is turned. Here sequence V is found, but 
it says this page is only done on an octal code 01, so we turn the page. Can't do this 
one either. Once past sequence IV we look for the first page with the octal code of the 
instruction being performed. We finally get to an ADD octal code 10 sequence V. This 
one we do. Then turn the page and find ADD octal code 10 sequence VI, we do it also. 
After turning the page again we find SUB octal code 11. As one would find out after 
turning the balance of the pages all octal codes are placed together in nimierical order 
and in the order performed. That is, because ADD sequence V page is before ADD se- 
quence VI then sequence V must occur before sequence VI. When no more pages can be 
found for this instruction the computer returns to sequence n to obtain the next instruc- 
tion. 

Prior to looking into the command timing itself some of the terms will be defined. Some 
of these terms are listed on page 4-7. The following is a more detailed explanation of 
these and other terms found in the text. 

SET READ 

The SET READ signal will initiate the reading of the core memory address specified by 
the select. Remember the core memory location selected is determined by a SELECT 
S, SELECT P, or SELECT A signal. The reading of a core memory location clears 
the cores at that address and places their state on the sense winding where it may or 
may not be gated into the Z register by the READ STROBE command. 



4-1 



The CLEAR READ signal serves only to terminate the read part of the core memory 
cycle. Because the read operation is a destructive readout the selected memory 
address will be cleared to zero by the time the clear read command occurs. This loca- 
tion will remain zero until the write operation replaces the original contents or writes 
new information. If the READ STROBE signal does not occur the information originally 
in core dies on the sense lines and is lost. 

SET WRITE 

The SET WRITE signal writes the output of the adder (Z register plus X register) into 
the memory location determined by the select. This may be the original information 
in the Z register with the X register cleared. This type of memory cycle is called 
"read restore". It may be new information in the X register with the Z register 
cleared (because of no READ STROBE). This type of memory cycle is called "clear 
write". Or it m.iy be the original information in the Z register and new information in 
the X register. In which case I don't have the slightest idea what the core memory 
cycle is called. 

READ STROBE 

The READ STROBE signal gates the contents of the specified core memory address into 
the Z register. Contrary to popular belief this is all it does- it does not clear the mem- 
ory location being read. That is the function of the read and is done whether the READ 
STROBE is done or not. The READ STROBE is timed to occur at the proper instant 
to gate this infornuition. It occurs sometime between L4 and L5. For simplicity it is 
shown to occur at L5. This in no way affects the operation or understanding of command 
timing. 

SET CLAMP 

SET CLAMP means to force the specified point to a logical zero. Because the command 
says SET CLAMP and not just CLAMP it implies that the point is forced to a logical zero 
and held there. This is exactly what happens. The clamp remains until a CLEAR CLAMP 
signal occurs. The specified point for the clamp will be one side of a flip-flop (either the 
cleared or set side). Forcing the cleared side of a flip-flop to a logical zero will set the 
flip-flop and forcing the set side of a flip-flop to a logical zero will clear it. (re; page 1-43). 
Remember that just because the clamp is removed or cleared does not mean that the 
flip-flop will be changed back in its state. For instance when a SET CLAMP XO signal 
occurs the XO flip-flop will set. When the CLEAR CLAMP XO signal occurs the flip- 
flop will not be cleared; it will only stop being held set. 

CLEAR CLAMP 

.•\s the above states a CLEAR CLAMP signal removes the forced logical zero from the 
specified point. 
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DL 

Designator logics (DL) are the logics used to examine the Z register, X register, and 
adder output when the designators are being set. The command DL —DESIGNATORS 
means examine these and set the designators accordingly. 

IL 

Interrupt lockout (IL) is a flip-flop which will prevent the recognition and processing of 
any interrupt while it is set. The command SET SET IL may sound like a stuttering 
typewriter but is stated that way for a purpose. If the command were labeled SET IL 
it would mean that the command occurred only during the tap time specified. But this 
IS not the case; the SET SET IL signal means that the IL flip-flop is held set from that 
time until the SET IL signal is removed by a CLEAR SET IL. It may be asked now - 
"if we set the IL flip-flop and hold it set for a period of time why not use SET CLAMP 
IL and CLEAR CLAMP IL". The not so obvious reason is that the IL point is not 
clamped. That is the cleared side of the IL flip-flop is not held to a logical zero di- 
rectly. The flip-flop is held set by fully enabling the input gates to the set side for 
this period of tims. Operating in the same manner one will find a SET CLEAR IL and 
a CLEAR CLEAR IL. The clearing of the CLEAR IL signal does not set the IL flip-flop, 
and the clearing of the SET IL signal does not clear the IL flip-flop. 

HA, SA 

These stand for sequence half advance (HA) and sequence advance (SA). HA and SA are 
flip-flop registers (three each) which are used to handle the advancing form one sequence 
to another. HA, in basic terms, tells the computer which sequence will be done next 
and SA tells the computer what sequence is being done now. 

.Assume the computer is doing sequence II. At cycle 0, LO HA and SA both contain the 
v:ilue for sequence II. At cycle 2, LI HA is cleared in preparation for cycle 2, L3 
setting it to the next sequence to be done. (Sequence III). The computer now knows 
that it is doing sequence II (by SA) and that it will do sequence III next (by HA). At 
c>cle 2, L5 SET SA causes HA to be transferred to SA, and the computer now does se- 
quence III. Because of the L5, LO overlap this time can also be considered cycle 0, LO 
of the ne.xt sequence (III). Now one may look at HA and say that since HA is still set to 
sequence III the computer thinks it will do sequence III next. The statement made be- 
fore that HA tells the computer what sequence will be done next is still true if we real- 
ize that the computer only asks during cycle 2, L5 when it wishes to advance SA. 

SET I/O PULSE 

This signal causes the drive currents to be routed through the input output addressing 
section of the computer not the core memory section. This is necessary because the 
same S register and translating circuitry is used for both input output and the core 

memory. 

Note page 4-8. This page is drawn in an altogether different manner than the 
others. This was done by mistake and has not been char.ged because it is a very good 
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way to remind one that sequence I is totally different from the rest. This is about all 
that will be mentioned about sequence I at this time. It will be covered in detail in the 
section on interrupts. 

Reference sequence HI cycle 2, L4. The subscript 0-7 means that only bits through 
7 of the S register will be affected, bits 8 through 13 will not be changed. The arrow 
after ADDER means "is transferred to". ( ) means the contents of the specified 
register. 

Refer to ZJP instruction octal code 20 sequence VII, cycle 0, LI. The (S) means just 
what it implies. The actual contents of the S register is transferred to the Z register 
not the contents of the memory location specified by the S register. 

Refer to EDR instruction octal code 05, sequence V, cycle 1, L5. The CLEAR DES- 
IGNATOR TO "T's command means that all the designator flip-flops will be in the one 
or set state as a result of this command. This is not the only register which is set to 
all ones prior to entering, but in this case the computer may stop (if in cycle step re; 
page 1-71) after the clearing and before the entering. It could be confusing and lead 
one astray if it said CLEAR DESIGNATORS and all the lights were lit in the designator 
register. In the other case the computer cannot stop before entering. Therefore only 
the end result could be seen and could not be confusing. 

Figure page 4-6 shows the opposite view of command timing from the sequential list 
based on the instructions. In this chart the commands and sequences are shown along 
the left, and three cycles of time along the top. The black bar in the main body of the 
chart shows that the command or condition exists at the time shown directly above. 
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Command Sequencing (Timing) 

The description that follows contains details of command sequencing of the P-50 com- 
puting control system. 

Set read- Initiate the reading of the core memory address specified by the 

select. 

Set write- Write the output of the adder into the core memory address spec- 

ified by the select. 

Read strobe- Gate the contents of the core memory address specified by the 

select, into the Z register. 

Set clamp- Force the specified point to a logical zero until a clear clamp 

signal is received. 

Clear clamp- Remove the forced logical zero from the specified point. 

DL- Designator logics 

IL- Interrupt lockout 

ilA- Sequence half-advance flip-flops 

S.\- Sequence advance flip-flops 

Set I/O i)ulse- Turn on the channel and vvord drives in the peripheral equipment. 
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SEQUENCE II 

Lq clear Z and X, SET SELECT "P", SET CLAMP XD 

L^ CLEAR F, SET READ 

Lg READ STROBE 

L CLEAR READ 

^2 

Lg SET WRITE 

^4 

L^ CLEAR HA 

Lg SET HA, CLEAR SELECT "P". CLEAR S, CLEAR CLAMP 3CO. CLEAR WRITE 

L^ ADDER ► S 

4 

Lg SET SA 



4-9 



SEQUENCE III 



Lq clear Z and X, SET SELECT "S" 

L SET READ 

L^ READ STROBE 



L, CLEAR READ 

4 

L„ SET WRITE 
o 

^4 

L^ CLEAR HA. (Z)g:^j-* F 

L SET HA, CLEAR SELECT "S", CLEAR Sq_^, CLEAR WRITE 

L^ ADDER ► Sq_^ 

L^ SET SA 

IF F - 22 OR 23 INTERRUPT LOCKOUT WILL BE SET OR CLEARED DURING 

L„ AND L. TIME OF CYCLE 2 IF THE MODE BIT = 0. 
3 4 
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SEQUENCE IV 

(NOTE: This sequence takes place only if the mode bit = 1 and there is no unsatisfied Jump.) 

Lq clear Z and X, SET SELECT "S" 
Lj SET READ 

^2 

^4 

L^ READ STROBE 

L CLEAR READ 

Lg SET WRITE 

L^ CLEAR HA 

^2 

Lg SET HA. CLEAR SELECT "S", CLEAR "S". CLEAR WRITE 

L. ADDER ►S 

4 

L^ SET SA 



IF F = 22 OR 23 INTERRUPT LOCKOUT WILL BE SET OR CLEARED DURING 

L„ AND L. TIME OF CYCLE 2. 
3 4 
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DCR 

OCTAL CODE: 01 



SEQUENCE V 



L^ CLEAR Z AND X. SET SELECT "S" NOTE: CLAMP X^ SET BY PREVIOUS L- 



Lj SET READ, (Z) >X 

H 

L^ READ STROBE. CLEAR DESIGNATOR 

5 

L CLEAR READ 

Lg SET WRITE 

L^ DL f DESIGNATOR 



L^ CLEAR HA 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

^4 

Lg SET SA, CLEAR CLAMP X^ 
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CMB 

OCTAL CODE: 02 

SEQUENCE V 
Lq clear Z and X, SET SELECT "S" NOTE: CLAMP Z^g SET BY PREVIOUS Lg 

Lj SET READ 

^2 
H 

Lg READ STROBE, CLEAR DESIGNATOR 

^0 

L^ CLEAR READ 

Lg SET WRITE 

^4 

Lg DL ►DESIGNATOR 

^0 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S". CLEAR WRITE. (Z) ►X 

^4 

Lg SET SA. CLEAR CLAMP Z^g 
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SMB 

OTAL CODE: 03 

SEQUENCE V 

Lq clear Z and X, SET SELECT "S" NOTE: CLAMP Z^ SET BY PREVIOUS Lg 

Lj SET READ 

^2 

^3 

^4 

Lc READ. STROBE, CLEAR DESIGNATOR 

H 

L, CLEAR READ 

^2 

Lg SET WRITE 

^4 

L^ DL "-DESIGNATOR 

^0 

Lj CLEAR HA 

^2 



Lg SET HA, CLEAR SELECT "S", CLEAR WRITE. (Z)- 

L4 



L. SET SA, CLEAR CLAMP Z,_ 

i) 13 
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EDR 

OCTAL CODE: 05 



SEQUENCE V 



Lq clear Z and X. SET SELECT "S" 

Lj SET READ 

^2 

^4 

Lg READ STROBE. CLEAR DESIGNATOR 

L^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

Lg CLEAR DESIGNATOR TO "1" S 

^0 

Lj CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S". CLEAR WRITE, i^} y DESIGNATOR 

^4 

L. SET SA 
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SDR 

OCTAL CODE: 06, 07 



SEQUENCE V 



Lq clear Z and X, SET SELECT "S" 

Lj SET READ, SET DESIGNATOR ^"^0-4 

Lj CLEAR READ. CLEAR DESIGNATOR »- Zq_^ 

L3 SET WRITE 

L5 

L^ CLEAR HA 

L3 SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z)- 

L4 
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ADD 

OCTAL CODE: 10 



SEQUENCE V 



Lq clear Z AND X, SET SELECT "S" 

L^ SET READ 

Lg READ STROBE, CLEAR DESIGNATORS 

L^ CLEAR READ 

Lg SET WRITE 
^4 

L^ CLEAR HA 

^2 

L SET HA. CLEAR SELECT "S", CLEAR WRITE, (Z)- 
o 

Lg SET SA 
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ADD 

OCTAL CODE: 10 



SEQUENCE VI 



Lq clear Z, set select "A" 

L^ SET READ 

^2 

^4 

L^ READ STROBE 

o 

^0 

L CLEAR READ 

Lg SET WRITE 

^4 

L ^ DL *" DESIGNATOR 



L CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT A. CLEAR WRITE 

^4 

L, SETSA 
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SUB 

OCTAL CODE: 11 



SEQUENCE V 



Lq clear Z and X, SET SELECT "S" 
L^ SET READ 

^2 

^3 

^4 

Lg READ STROBE, CLEAR DESIGNATORS 

L^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

^0 

Lj CLEAR HA 

^2 

Lg SET HA. CLEAR SELECT "S". (Z) ^X, CLEAR WRITE 

^4 

L. SET SA 





4-19 



SUB 

OCTAL CODE: 11 



SEQUENCE VI 



Lq 


CLEAR Z, SET SELECT "A" 


L, 


SET READ 


L,, 




^■3 




h 






READ S7 lOBE 


L-, 




S 


CLEAR READ 


S 




L3 


SET WRITE 


^M 
S 




ULi ^ UCiOlCiNA iOK 


S 






CLEAR HA 


^■2 




s 


SET HA, CLEAR SELECT "A 


^■4 






SETSA 
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AND 

OCTAL CODE: 12 



SEQUENCE V 



Lq clear Z and X, SET SELECT "S" 
L^ SET READ 

^2 

^4 

L^ READ STROBE. CLEAR DESIGNATORS 

o 

L CLEAR READ 

Lg SET WRITE 

^4 
H 

L^ CLEAR HA 

^2 

Lg SET HA. CLEAR SELECT "S". CLEAR WRITE. (Z) ►X 

^4 

Lc SET SA 





4-21 



AND 

OCTAL CODE: 12 



SEQUENCE VI 



Lq clear Z. set select "A", SET AND 

L. SET READ 

^2 

L. READ STROBE 



L, CLEAR READ 

L2 

Lg SET WRITE 

L. DL ►DESIGNATOR 

o 

L^ CLEAR HA 

Lg SET HA. CLEAR SELECT "A". CLEAR WRITE 

^4 

Lp SET SA, CLEAR AND 
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EOR 

CX:TAL CODE: 13 



SEQUENCE V 



Lq clear Z and X. SET SELECT "S" 

L^ SET READ 

L2 

^3 

L- READ STROBE, CLEAR DESIGNATORS 

L^ CLEAR READ 

^2 

L3 SET WRITE 

^4 

^0 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S". (Z) >-X. CLEAR WRITE 

^4 

L. SET SA 

o 
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EOR 

OCTAL CODE: 13 



SEQUENCE VI 



Lq clear Z. set select "A". SET EOR 

L. SET READ 

4 

l. read strobe 

D 

L^ CLEAR READ 

Lg SET WRITE 

^4 

Lg DL ^ DESIGNATOR 

L^ CLEAR HA 

L2 

Lg SET HA, CLEAR SELECT "A". CLEAR WRITE 

^4 

L, SET SA, CLEAR EOR 
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LSH 

OCTAL CODE: 14, 15 



SEQUENCE V 



Lq clear Z and X. SET SELECT "S" 

L^ SET READ 

^2 

^4 

Lg READ STROBE, CLEAR DESIGNATORS 

L^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

^5 

^0 

Lj CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

^4 

L^ SET SA 
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LSH 

OCTAL CODE: 14, 15 



SEQUENCE VI 



Lq clear Z, set select "S" 

L^ SET READ 

^4 

L^ READ STROBE 
o 

L CLEAR READ 

L„ SET WRITE 

^4 

Lg DL ^ DESIGNATOR 

L CLEAR HA 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE 

^4 

L- SET SA 
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RSH 

OCTAL CODE: 16, 17 



SEQUENCE V 



Lq clear Z and X, SET SELECT "S" 

L^ SET READ 

L^ READ STROBE, CLEAR DESIGNATORS 

5 

L^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S'V CLEAR WRITE, (Z)- 

^4 

L, SET SA 
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RSH 

OCTAL CODE: 16, 17 



SEQUENCE VI 



Lq clear Z. set select "S" 

L^ SET READ 

H 

H 

L CLEAR READ 

^2 

Lg SET WRITE 

^4 

L . DL *- DESIGNATOR 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE 

1^4 

L, SET SA 
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ZJP 

OCTAL CODE: 20 



SEQUENCE VII 



Lq clear Z and X. SET SELECT "P" 
L^ SET READ (S) ^Z 

^2 
^3 
^4 
^5 

L CLEAR READ 

^2 

L„ SET WRITE 

o 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "P". CLEAR WRITE 

^4 

L^ SET SA 
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EJP 

OCTAL CODE: 21 



SEQUENCE VII 



Lq clear Z and X, SET SELECT "P" 

Lj SET READ (S) ► Z 

^2 

Lj CLEAR READ 

Lg SET WRITE 
^4 

Lj CLEAR HA 

Lg SET HA, CLEAR SELECT "P". CLEAR WRITE 

L4 

Lg SET SA 
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SLJ 

OCTAL CODE: 22 



SEQUENCE VII 



Lq clear Z and X. SET SELECT "P" 
L^ SET READ. (S) ► Z 

L- SET SET IL 

o 

L CLEAR READ 

^2 

Lg SET WRITE 

^4 

Lj CLEAR HA. CLEAR SET IL 

^2 

L„ SET HA, CLEAR SELECT "P", CLEAR WRITE 

^4 

L. SET SA 

o 
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CLJ 

OCTAL CODE: 23 



SEQUENCE Vn 



Lq clear Z and X. SET SELECT "P" 
Lj SET READ, (S) ^ Z 

^2 
^3 

^4 

Lc SET CLEAR IL 

5 

L^ CLEAR READ 

^2 

Lg SET WRITE 

H 

Lj CLEAR HA. CLEAR CLEAR IL 

^2 

L3 SET HA. CLEAR SELECT "P". CLEAR WRITE 

L4 

L. SET SA 
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J MP 

OCTAL CODE: 24 



SEQUENCE VII 



Lq clear Z and X, SET SELECT "P" 
L^ SET READ, (S) ►Z 

^4 

^0 

Lj CLEAR READ 

Lg SET WRITE 

^4 

^0 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "P", CLEAR WRITE 

L4 

L^ SET SA 
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CJP 

OCTAL CODE: 25 



SEQUENCE VII 



L- CLEAR Z AND X, SET SELECT "P" 

L^ SET READ, (S) ^Z 

L CLEAR READ 

Lg SET WRITE 

H 

L^ CLEAR HA 

Lg SET HA. CLEAR SELECT "P". CLEAR WRITE 

^4 

L. SET SA 
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OJP 

OCTAL CODE: 26 



SEQUENCE VII 



Lq clear Z and X, SET SELECT "P" 
L^ SET READ, (S) > Z 

L^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

^0 

L^ CLEAR HA 

^2 

Lg SET HA, CLEAR SELECT "P", CLEAR WRITE 

^4 

L^ SET SA 
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PJP 

OCTAL CODE: 27 



SEQUENCE VU 



Lq clear Z and X, SET SELECT "P" 
L. SET READ, (S) ►Z 

L. CLEAR READ 

^2 

Lg SET WRITE 

^4 

L^ CLEAR HA 

^2 

Lg SET HA. CLEAR SELECT "P", CLEAR WRITE 

^4 

Lg SET SA 
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INT 

OCTAL CODE: 30 

SEQUENCE V 

Lq clear Z and X, SET SELECT "S", SET I/O PULSE 

Lj SET READ 

L2 

L3 
L4 

L5 CLEAR DESIGNATORS 

LO 

Li CLEAR READ 

L2 

L3 SET WRITE 

L4 INPUT STROBE 

L5 
Lo 
Lj CLR HA 

L2 

L3 SET HA CLEAR SELECT "S", (Z) ►X, CLEAR I/O PULSE, CLEAR WRITE 

L4 

L5 SET SA 
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INT 

OCTAL CODE: 30 



SEQUENCE VI 



L_ CLEAR Z, SET SELECT "A" 

L SET READ 

H 

L CLEAR READ 

Lg SET WRITE 

L4 

Lc DL >> DESIGNATOR 



^0 

h^ CLEAR HA 

L3 SET HA, CLEAR SELECT "A". CLEAR WRITE 

^4 

L^ SET SA 

o 
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ENL 

OCTAL CODE: 32, 33 



SEQUENCE V 



Lq clear Z and X, SET SELECT "S" 

L SET READ 

^4 ■ 

L^ READ STROBE, CLEAR DESIGNATORS 

L CLEAR READ 

Lg SET WRITE 

^4 

L^ CLEAR HA 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE, (Z) ►X 

^4 

L- SET SA 
o 
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ENL 

OCTAL CODE: 32, 33 



SEQUENCE VI 



Lq clear Z, SET SELECT "A" 

Lj^ SET READ 

4 

^5 

L CLEAR READ 

Lg SET WRITE 

L- DL *► DESIGNATOR 



L CLEAR HA 

Lg SET HA. CLEAR SELECT "A". CLEAR WRITE 

L 
4 

Lc SET SA 
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OUT 

OCTAL CODE: 34 



SEQUENCE V 



Lq clear Z and X, SET SELECT "A" 

L^ SET READ 

^2 

^3 

^4 

Lg READ STROBE. CLEAR DESIGNATORS 

Lj^ CLEAR READ 

^2 

Lg SET WRITE 

^4 

^0 

Lj^ CLEAR HA 

^2 

Lg SET HA. CLEAR SELECT "A". CLEAR WRITE. Z ^X 

^4 

Lg SET SA 
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OUT 

OCTAL CODE: 34 



SEQUENCE VI 



Lq clear Z. set select "S". set I/O PULSE 

L^ SET READ 

^2 

L CLEAR READ 

Lg SET WRITE 

^4 

L^ DL > DESIGNATOR 

o 

L CLR HA 

^2 

Lg SET HA CLEAR I/O PULSE, CLEAR SELECT "S", CLEAR WRITE 

^4 

Lg SET SA 
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RJP 

OCTAL CODE: 36 



SEQUENCE V 



H 


CLEAR Z AND 


h 


SET READ 


s 




4 




^4 




L 
5 


READ STROBE 


^0 




h 


CLEAR READ 


4 




^3 


SET WRITE 


^4 




S 




^0 




^1 


CLEAR HA 


^2 




4 


SET HA, CLEA: 


L4 




S 


SETSA 
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RJP 

OCTAL CODE: 36 



SEQUENCE VI 



Lq clear Z, set select "S" 

Lj SET READ 

^2 

^3 

^4 

^5 

^0 

L. CLEAR READ 

L„ SET WRITE 

o 

^4 

L^ CLEAR HA 

4 

Lg SET HA, CLEAR SELECT "S", CLEAR WRITE 

L. SET SA 
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RJP 

OCTAL CODE: 36 



SEQUENCE VII 



Lq clear Z and X, SET SELECT "P" 
L SET READ, (S) ►• Z 

L 
4 

L CLEAR READ 

Lg SET WRITE 

L^ CLEAR HA 

^2 

L„ SET HA, CLEAR SELECT "P", CLEAR WRITE 

^4 

L^ SET SA 

5 
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STL 

OCTAL CODE: 37 



SEQUENCE V 



Lq clear Z and X, SET SELECT "A" 

L SET READ 

L^ READ STROBE, CLEAR DESIGNATORS 

a 

L- CLEAR READ 

Lg SET WRITE 
^4 

L^ CLEAR HA 

Lg SET HA. CLEAR SELECT "A", CLEAR WRITE. (Z) ^-X 

^4 

Lg SET SA 
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STL 

OCTAL CODE: 37 



SEQUENCE VI 



Lq clear Z, set select "S" 

L SET READ 

L CLEAR READ 

L SET WRITE 

L^ DL >► DESIGNATOR 

o 

L^ CLEAR HA 

Lg SET HA, CLEAR SELECT "S". CLEAR WRITE 

L, SET SA 

i3 
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DUAL NAND 

The dual NAND consists of two NAND circuits which are identical except for the num- 
ber of input pins (see Figure 1-12). The two NANDS will be designated by the output 
pin numbers 5 and 11. Side 11 will be discussed and related to side 5 later. 

There are three types of inputs. Pins G, 7 and 8 are internal diode inputs, pin 9 is an 
external diode input, and pin 4 is a special input which is normally connected to +6V. 
As many input diodes as desired may be added to pin 9 to increase input capabilities. 
If a logical one is applied to all used inputs the output on pin 11 will be a logical zero, 
and conversely if a logical zero is applied to any input pin the output will be a logical 
one. 

The output of the NAND as described has current capabilities of driving a maximum of 
ten inputs. If it is desired to drive more than this but less than 21, the current capa- 
bilities can be increased by adding a resistor from pin 9 to +6V. This in no way changes 
the previously described operation; it only increases the fan out capability of the circuit. 

Some of the circuits require one of the inputs to be from the master clock. Since the 
master clock taps are +12V instead of -K5V, it is necessary to connect this tap through 
a dropping resistor to pin 9. When this is done pin 4 must be grounded. Since pin 4 is 
common to both NAND circuits this ground puts a logical zero on the input of circuit 5. 
To compensate for this a resistor must be placed from pin 3 to +6V. If it is desired to 
enable both NANDS with the same master clock tap it can be done by connecting a re- 
sistor from pin 4 to this tap. Pin 4 would not be connected to +6V in this case. The 
logical operation of circuit 5 is identical to the operation of circuit 11, except for the 
change of pin numbers and the lack of the additional internal input diode. 

MODIFIED DUAL NAND 

The modified dual NAND is similar in operation to the NAND with the exception of a few 
points (see Figure 1-13). Pins 11 and 12 are the outputs for their respective circuits. 
Pins 1, 3, 6, and 7 are internal diode inputs and pins 2 and 8 are external diode inputs 
for their circuits. Pin 13 is used for an additional group of inputs. To accomplish this, 
an additional circuit, similar to the one between the base of the transistor and the input 
pins 1, 2, 3, and 4 is connected to pin 13. The operation of pin 9 is the same. Pins 4 
and 5 serve the same function as pin 4 in the non-modified dual NAND. 

SLC-W NAND 

The only difference between the modified dual NAND and the slow NAND (Figure 1-14) is 
the rise time of the circuit. As the name implies the slow NAND has a slower rise time 
than the modified dual NAND. Otherwise its logic function is identical. Pin numbers 
differ in the following manner. Pin 1 of the slow NAND corresponds to pin 10 of the 
modified NAND. 2 to 4, 3 to 2, 4 to 1 & 3, 5 to 12, 6 to 13, 7 to 5, 8 to 6 & 7, 9 to 8, 
10 to 11 and pin 11 of the slow NAND to 9 of the modified NAND. 
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FLIP-FLOP 

The logical operation of a flip-flop is as follows: Refer to Figure 1-15. We will start 
by stating that neither of the B NANDS have all ones in. Therefore, both B NANDS will 
have a logical one out. Note at this time that the output of All is fed back to the input 
of A5 and the output of A5 to the input of All. This hookup makes it a flip-flop. We 
can now see that if pin 2 of A5 and pin 7 of All are ones that the logical signal on A5 
cannot equal the logical signal on All. Let's try and see why. If we assume both to 
be a one, this means that All is a one. All is connected to A 5 pin 1, which would 
also be a one. If A5 pin 1 is a one and, as we stated, A5 pin 2 was a one, this means 
that all inputs to A5 are logical ones and the output is then a zero. Also, if we assume 
both A5 and All outputs to be zeros, then the zero on All output would be connected to 
A5 pin 1, which would cause a one at the output of A5. Now that we have seen that A5 
and All outputs cannot be the same, we can arbitrarily assume some logical signals on 
them. We will assume A5 output is a zero and All output is a one. The one from All 
output is connected to the input pin 1 of A5 which in conjunction with pin 2 will hold the 
zero at the output of A5, which is connected to input 6 of All, which holds the one on the 
output of All, etc. We can now say that the flip-flop A is in a stable state. 

There are only two ways to affect the state of this flip-flop. The first to be discussed 
is to place a zero on one of the inputs of the side with the logical zero out. If we look 
at Figure 1-15 again, this means we must put a logical zero on pin 2 of A5 in order to 
affect the flip-flop. This zero on pin 2 of A5 will cause the output of A5 to go to a 
logical one. This logical one is then applied to pin 6 of All and in conjunction with the 
one on pin 7 will cause a logical zero out of All. This zero at the output of All is then 
applied to the input pin 1 of A 5 holding the one at the output of A5. Now the input on pin 
2 of A 5 can go back to a logical one because pin 1 is now taking over. This entire flip- 
ping or changing state of the flip-flop from the zero appearing on pin 2 of A5 until it is 
stable in the flipped state took less than . lusec. 

The second method by which the flip-flop can be affected is by placing a ground or log- 
ical zero on the output of the side which is a logical one. As one can see from the 
schematics of the NAND circuit, a logical zero is created by grounding a point through 
a transistor and it can also be seen that if a logical one and a zero attempt to appear on 
the same point at the same time, the zero will be the resultant signal. Now, if we have 
the flip-flop in our original state where All output was a logical one and we put a zero 
at this point, the zero is the resultant. This zero is applied to the input pin 1 of A5 and 
the circuit will flip as explained above because we have placed a zero on one input of 
the side which has a zero output. 

One of the stable states of the flip-flop will be called the set state and one the cleared 
state. We will say that the set state is when A5 output is a one. This means that the 
cleared state is when All output is a one. This is just an arbitrary choice of the de- 
signer. Either state could be called set or cleared. It can now be seen that if we set 
the flip-flop that A5 output will be a one and All output will be a zero, and ii we ciear 
the flip-flop that A5 output will be a zero and All output will be a one. Many fiip -flops 
in the system have names such as the R flip-flop, SEL flip-flop, HIT flip-flop, etc. I^t 
us call ours the CAT flip-flop. We will label the output lines of this flip-flop to give an 
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indication of the flip-flop's state. The label CA T me ans that this line will be a logical 
one when the CAT flip-flop is set and the signal CAT will mean that this line will be a 
logical one when the CAT flip- flop i s not set or CAT means zero implies CAT flip-flop 
set. This is because CAT and CAT must always be opposite. 

As we mentioned before, pin 2 of A 5 and pin 7 of All was one and was to control the 
state of the CAT flip-flop. Again, referring to Figure 1-15, let us look at B5 and Bll. 
It can be seen that the outputs of these NANDS will determine the state of the CAT flip- 
flop. A zero on the output of B5 will insure that the CAT flip-flop is set and a zero on 
the output of Bll will insure that the CAT flip-flop is cleared. Chies at their outputs 
have no effect. Let us consider what it takes to get a zero at the output of a NAND. 
The answer is all ones in. Now let us look at the input to B5. Pin 1 will be one when 
the R flip-flop is set; pin 2 will be a one when the HIT flip-flop is not set (is cleared); 
and pin 3 will be a one when the SEL flip-flop is set. Thus, we can tell what will set 
the CAT flip-flop without looking any further than its input gating circuitry. Now let's 
see what will clear it. The inputs to Bll are as follows: Pin 6 will be a one when the 
W flip-flop is set; pin 7 will be a logical one during sequence VII; and pin 9 will be a one 
if a jump condition has been met and we are doing a jump instruction. Of course, I know 
these last two were not obvious but they do at least point out that a logical label can be 
of a great assistance and that a logical label does not have to refer to a flip-flop state. 
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REGISTER TRANSFERS 

Figure 1-16 shows two registers of three flip-flops each and associated gating circuitry. 
Flip-flops A, B, and C are drawn as 3 flip-flops of the X register- bits 2, 1, and re- 
spectively. Flip-flops D, E, and F are drawn as 3 flip-flops of the Z register- bits 2, 
1, and respectively. NANDS H, J, K, L, and M are the input gating circuitry for the 
X register. A normal transfer from the Z register to the X register consists of first 
clearing the X register (putting all the flip-flops in a predetermined state, in our case 
the cleared state) and then setting those flip-flo ps w ith one input gate fully enabled. 
Therefore the method used here__will be for the CLR X signal to go to a logical zero and 
then one of the signals (Z — X, Z^ — X, or Z — X) will go to a logical one. For this dis- 
cussion we will assume that the Z register is set as follows. Flip-flop F set, flip-flop 
E cleared, and flip-flop D set. This may also be expressed as Z2, Zl, and ZO being a 
logical one. The first part of the trans fer w ill be the clearing of the X register. This 
is done by putting a logical zero on the CLR X line. This logical zero is placed on one 
input of the^ clear side of each flip-flop in the X register. The X register is then in the 
X2, XI, XO state. That is X2, XI, and XO are logical ones. Then one of the transfer 
signals will go to a logical one. First we will assume that a direct Z -►X transfer will 
be done. This means that t he Z — X line will go to a logical one. The others must re- 
main a logical zero and the CLR X must have gone back to a logical one. The logical 
one from Z — X will be presented to one input of each NAND Hll, Jll, and Kll. Now 
let's look at the other inputs to those NANDS. Hll has its other input a logical one be- 
cause we originally stated that Z2 was set. Jll has its other input a logical zero and 
Kll has its other input a logical one. These are also because of the original state of 
the Z register. Hll and Kll have all used inputs a logical one and therefore their out- 
puts will go to a logical zero.* The output of Hll and Kll going to a logical zero will 
cause A and C flip-flops to set. (One may also find a flip-flop named for one of its 
sides. That is the A flip-flop could also be called the X2 flip-flop no matter what its 
state. One may see it said "the X2 flip-flop cleared or the X2 flip-flop set".) We now 
have the X2 and XO flip-flops set. How about the XI flip-flop. Remember we said that 
Jll had one input a logical zero because of the Z register. This means that the output 
of Jll will be a logical one no matter what the other input does. The XI flip-flop there- 
fore could not be set. We now have the X register in the following state X2, XI, and 
XO a logical one. This is identical to the corresponding bits of the Z register. We 
have therefore copied into or transferred into the X register the original contents of the 
Z register. It is important to note that the transfer from one register to another does 
not change the source register. The Z register being the source register still has its 
original contents. Review this operation and make sure that you understand it as this 
is one more of the basic building blocks in understanding the PRODAC 50 computer sys- 
tem. 



♦Remember that a logical one is +6V and a logical zero is OV or ground. If a logical 
one and a logical zero are placed at the same point at the same time, the logical zero 
will be the end result by grounding out the logical one. 
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Now we will call upon the iaiowledge gained in the flip-flop and basic transfer write- 
ups. Again assume the Z register is in the Z2, Zl. a nd ZO state, with the Z — X 
transfer signal back to a logical zero. Make the CLR X signal go to a logical zero 
then back to a logical one. Now let the Z — X signal go from a logical zero to a log- 
ical one and back to a logical zero. While this signal was a logical one note the oper- 
ation of NANDS H5, J5, and K5. J5 is the only one fully enabled, therefore XI is the 
only flip-flop to be set. Note that wherever a flip-flop of Z was set that the corre- 
sponding flip-flop of X is cleared and wherever a flip-flop of Z was cleared that the 
corresponding flip-flog^of X is set. This means that we have taken the complement of 
Z to X. As the name Z -►X implies, transfer the cleared side of Z to the set side of 
X or made the set side of X the same as the cleared side Z. Review this operation, 
when it is fully understood, continue on. 



Again assume the Z register in the Z2, Zl, ZO state_^ Let the CLR X signal go to a 
logical zero then back to a logical one. Now let the Z -*X signal (Z right shifted to X) 
go to a logical one and back to a logical zero. Note the end result in the X register. 
XO contains what Zl did. XI contains what Z2 did. The line labeled "from Z3" means 
that it comes from the set side of the Z3 flip-flop. (The word "from" will not appear in 
the logics, it is used now for clarity. ) This means that X2 will contain what Z3 did. As 
an end result the Z register was transferred to the X register displaced one place to the 
right or right shifted one place. Note that the ZO flip-flop in this figure goes no place. 
If you can recall the RSH instruction the state of the ZO flip-flop will be transferred to 
the "end around carry designator" flip-flop. 
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Figure 1-12. Dual NAND 
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Figure 1-13. Modified Dual NAND 
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Figure 1-14. Slow NAND 
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CAPACITOR VALUE COOES 


-1 


Code 


Capacitance 


Voltage 


Westinghouse Part No. 


CI 


.0005MF 


50V 


742A976H01 


(1 


C2 


.0015MF 


500V 


742A976H02 


/ 


C3 


.003>iF 


200V 


742A976H03 


1 
1 


C4 


.OlnF 


lOOV 


742A976H04 


? 


C5 


.02nF 


lOOV 


742A976H05 




C6 


.lA*F 


lOOV 


742A976H06 




C7 


.IMF 


600V 


742A976H07 


!■ 


C8 













C9 


.5mF 


200V 


742A976H31 


( 


CIO 


2.0tiF 


lOOV 


742A976H09 


i 
i 


Cll 


.l»iF 


50V 


742A976H10 




C12 


.OSflF 


200V 


742A976Hn 


! 


C13 











/ 


C14 


3nF 


lOOV 


742A976H12 




C15 


15 nT 


lOOV 


742A976H13 




C16 


250 HF 


40V 


742A976H14 


j 


C17 


100 hmf 


500V 


742A976H15 




C18 


820 WiF 


lOOV 


742A976H16 




C19 


200 WiF 


500V 


742A976H17 




C20 


300 nnT 


200V 


742A976H18 




C21 


AHF 


lOOV 


742A976H06 




C22 


2nF 


lOOV 


742A976H09 


i 


C23 


.5nF 


200V 


742A976H08 




C24 


.33flF 


200V 


742A976H19 


I 


C25 


.OOlfiF 


50V 


742A976H20 


1 


C26 


5mF 


lOOV 


742A976H21 


\ 

i 


C27 


lOfiF 


lOOV 


742A976H22 


i 


C28 


2000 fiF 


50V 


742A976H23 




C29 


500 WiF 


IkV 


669A076H01 


1 


€30 


10 HF 


200V 


743A035H04 


( 


C31 











1 


C32 


l.O/iF 


200V 


669A077H08 


C33 


30 mF 


30V 


669A093H02 


• 


C34 


0.1 )iF 


200V 


669A077H05 




CSS 


30 /iF 


200V 


743A035H03 


\ 


C36 


200 nnF 


IkV 


669A076H02 


i 


C37 


0. 22f<F 


25V 


669A094H01 


i 

1 


C38 


200 mF 


125V 


669A103H01 


■ 


C39 


100 mF 


250V 


742A976H25 




C40 


200 (iF 


IkV 


669A076H05 


y 


C41 


50nnT 


500V 


742A976H26 




C42 


27 (iF 


35V 


775A436H03 I 




C43 


250 mF 


50V 


742A976H29 / 





Code 


Capacitance 


Voltage 


Westinghouse Part No. 


C44 


lOfi^F 


lOOV 


742A976H30 


C45 


4.7 (xF 


35V 


775A436H04 


C46 


0.47 ^F 


35V 


775A436H05 


C47 


lO.OnF 


50V 


742A976H32 


C48 


O.OOlAiF 


200V 


742A976H33 


C49 


0,01/xF 


200V 


742A976H34 


C50 


0.05>iF 


200V 


742A976H35 


C51 


0.1 nF 


200V 


742A976H36 


C52 


0.5aF 


200V 


742A976H08 


C53 


22 mF 


15V 


742A976H37 
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RESISTOR VALUE CODES 


Code 


Ohms 


Watts 


Westinghouse Part No. 


Rl 


Ik 


1/10 


742A969H02 


R2 


1.5k 


I/IO 


742A969H03 


R3 


3.01k 


1/10 


742A969H04 


R4 


4.32k 


1/10 


742A969H05 


R5 


20n 


1/10 


742A969H01 


R6 


7.68k 


1/2 


742A971H39 


R7 


4320 


1/2 


742A971H11 


R8 


51. m 


1/2 


742A971H15 


R9 


6.19k 


1/2 


742A971H37 


RIO 


2oa 


1/2 


742A971H02 


Rll 


ion 


1/2 


742A971H01 


R12 


35.71) 


1/2 


742A971H03 


R13 


82. sn 


1/2 


742A971H04 


R14 


loon 


1/2 


742A971H05 


R15 


i4on 


1/2 


742A971H06 


R16 


200Q 


1/2 


742A971H08 


R17 


261fi 


1/2 


742A971H09 


R18 


301f2 


1/2 


742A971H10 


R19 


511Ji 


1/2 


742A971H12 


R20 


68ln 


1/2 


742A971H13 


R21 


Ik 


1/2 


742A971H30 


R22 


1.5k 


1/2 


742A971H31 


R23 


2k 


1/2 


742A971H32 


R24 


2.43k 


1/2 


742A971H33 


R25 


3.01k 


1/2 


742A971H34 


R26 


4.32k 


1/2 


742A971H35 


R27 


4.99k 


1/2 


742A971H36 


R28 


10k 


1/2 


742A971H41 


R29 


13k 


1/2 


742A971H43 


R30 


22.1k 


1/2 


742A971H47 


R31 


15k 


1/2 


742A971H45 


R32 


150 Ji 


1/2 


742A971H07 


R33 


18.2k 


1/2 


742A971H46 


R34 


8.25k 


1/2 


742A971H40 


R35 


100k 


1/2 


742A971H48 


R36 


499k 


1/2 


742A971H49 


R37 


1.24M 


1/2 


742A971H70 


R38 


2.49M 


1/2 


742A971H71 


R39 


750n 


1/2 


742A971H14 


R40 


12.1k 


1/2 


742A971H42 


R41 











R42 


22M 


1/2 


742A971H72 


R43 


13.7k 


1/2 


742A971H44 
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Code 



Ohms 



R44 

R45 
R46 

R47 
R48 
R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
R61 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 
R70 
R71 
R72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 
R81 
R82 
R83 
R84 
R85 
R86 
R87 
R88 
R89 
R90 
R91 
R92 
R93 
R94 
R95 
R96 
R97 
R98 
R99 
RIOC 



5in 
loon 

Ik 

7.5k 

100(2 

ion 

4oon 

ion 

Ik 
2k 

son 

i5on 

3oon 

40on 

soon 

7oon 

i8on 

25n 

20 n 

l.Sk 
4.Sk 

loon 

250n 

ison 
soon 



Watts 



4on 


1/4 


i38n 


1/4 


2.2k 


1/4 


8.66k 


1/4 


SI. Ik 


1/10 


100k 


1/10 


6.190 


1/2 


2.74k 


1/2 


51.1k 


1/2 


43.2k 


1/2 


249k 


1/-2 


64.9k 


1/2 


24.9k 


1/2 


32.4k 


1/2 


121k 


1/2 


1.21k 


1/2 



2 

2 

1/2 

1/2 

1 

3 

3 

3 

3 

3 

5 

5 

5 

5 

5 

5 

10 

50 

5 

5 

5 

5 

5 

3 

3 



Westinghouse Part No. 



20n,2PPMC°, + .01% 



20k 

40.2k 

80.6k 

650n 

604n 

i2in 

m, .ooYo 

in,i.( 

33n 

35n 

eon 

90 n 

49.9k 
45.3k 



1/2 

1/2 

1/2 

3 

1/2 

1/2 

3 

3 

3 

3 

3 

3 

1/2 

1/2 



743A041H01 
743A041H02 
742A971H30 
742A971H38 
742A972H01 
742A973H01 
742A973H03 
742A973H02 
742A973H04 
742A973H05 
742A974H01 
742A974H03 
742A974H04 
742A974H05 
742A974H06 
742A974H07 
742A975H01 

742A974H08 
742A974H10 
742A974H11 
742A974H02 
742A974H09 
742A973H06 
742A973H07 

742A970H01 
742A970H02 
742A970H03 
742A970H04 
742A960H06 
742A969H07 
742A971H16 
742A971H50 
742A971H51 
742A971H52 
742A971HS3 
742A971H81 
742A971H82 
742A971H83 
742A971H84 
742A971H85 
651A117H03 
742A971H54 
742A971H55 
742A971H56 
742A973H10 
742A971H17 
742A971H18 
742A973H11 
742A973H12 
742A973H13 
742A973H22 
742A973H15 
742A973H16 
742A971H19 
742A971H20 



Code 


Ohms 


Watts 


Westin^ouse Part No, 


RlOl 


30.1k 


1/2 


742A971H21 


R102 


42,2k 


1/2 


742A971H22 


R103 


56.2k 


1/2 


742A971H23 


R104 


Silk 


1/2 


742A971H24 


R105 


2.0M 


1 


742A972H02 


R106 


4.99k 


1/2 


742A971H36 


R107 


10k 


1/2 


742A971H41 


R108 


Ik 


2 


743A041H04 


R109 


Ik 


1/2 


669A007H02 


RllO 


10k 


1/2 


669A007H03 


Rill 


12,1k 


1/2 


669A007H04 


R112 


l.Sk 


1/2 


6e9A007H05 


R113 


30k 


1/2 


669A007H06 


R114 


47n 


1/2 


669A007H07 


R115 


68k 


1/2 


669A007H08 


Rile 


200k 


1/2 


669A007H09 


R117 


4.7k 


1/2 


669A007H10 


R118 


15k 


1/2 


669A007H11 


RllO 


100k 


1/2 


669A007H12 


R120 


5.1k 


1/2 


669A007H13 


R121 


120k 


1/2 


669A007H14 


R122 


l.OM 


1/2 


669A007H15 


R123 


240n 


1/2 


669A007H16 


R124 


51k 


1/2 


669A007H17 


R125 


27k 


1/2 


669A007H18 


R126 


390k 


1/2 


669A007H19 


R127 


150k 


1/2 


669A007H20 


R128 


22k 


1/2 


669A007H21 


R129 


2.1k 


1/2 


742A971H25 


R130 


2.87k 


1/2 


742A971H26 


R131 


249k 


1/2 


742A971H27 


R132 


470n 


1/2 


669A007H22 


R133 


200k 


1/2 


742A971H28 


R134 


Ik 


1/2 


742A971H30 


R135 


l.OM 


1/2 


742A971H29 


R136 


499k 


1/2 


742A971H49 


R137 


lOOk 


1/2 


742A971H48 


R138 


lOM 


2 


669A040H01 


R139 


24k 


1/2 


669A007H23 


R140 


62k 


1/2 


669A007H24 


R141 


1.1k 


1/2 


669A007H25 


R142 


39k 


1/2 


669A007H26 


R143 


20k 


1/2 


669A007H27 


R144 


lOk 


1/2 


669A007H03 


RMS 


40. 2k 


1/2 


742A971H55 


R14e 


20k 


1/2 


742A971HS4 


R147 


4.42k 


1/2 


742A971H57 


R148 


27.4k 


1/2 


742A971H58 


R149 


300k 


1/2 


669A007H28 


R150 


12. Ik 


1/2 


742A971H42 


R151 


49.9k 


1/2 


742A971H19 


R1S2 


2k 


10 


742A97SH04 


R153 


162k 


1/2 


742A971H86 


R1S4 


150k 


1/2 


742A971H87 


R155 


son 


3 


742A973H14 


R156 


4.02k 


1/2 


742A971H59 


R157 


8,06k 


1/2 


742A971H60 
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Code 


Ohms 


Watts 


Westlnghouoe Part No. 


R158 


16k 


1/2 


669A007H30 


R159 


32.4k 


1/2 


742A971H61 


R160 


255k 


1/2 


6S1A114H38 


R161 


127k 


1/2 


6S1A114H37 


R162 


63.4k 


1/2 


651A114H35 


R163 


32k 


5 


651A116H12 


R164 


16k 


5 


651A116H11 


R165 


8k 


5 


651A116H10 


R166 


4k 


5 


651A116H09 


R167 


2k 


5 


651A116H08 


R168 


Ik 


5 


651AliaH07 


R169 


soon 


5 


6S1A116H04 


R170 


255k 


1/2 


651A114H38 


R171 


127k 


1/2 


651A114H37 


R172 


63.4k 


1/2 


651A114H35 


R173 


32k 


5 


651A116H12 


R174 


16k 


5 


651A116H11 



1-lT. ZENER DIODE VALUE COOES 



Code 


Volts 


Westini^ouBe Part No. 


Zl 


4.3V 


743A004H01 


Z2 


6.8V 


743A005H01 


Z3 


8.2V 


743A006H01 


Z4 


15V 


743A007H01 


Z5 


16V 


743A008H01 


Z6 


22V 


743A009H01 


Z7 


2.7V 


743A010H01 


Z8 


20V 


743A011H01 


Z9 








ZIO 


18V 


742A980H01 


Zll 


lOV 


743A002H01 


Z12 


5.6V 


775A057H01 


Z13 


18V, SOW 


743A087H01 


Z14 


1.5V 


669A119H01 


Z15 


24V 


669A089H01 


216 


16V 


669A088H01 


Z17 


7.5V 


669A302H01 
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The following notes define the majority of the symbology used with the logic diagrams. 
(See Figure 4-1.) 

NOTE 1. Indicates a connection on this card to another point labeled with the same 
mnemonic. This signal originates on this card. 

NOTE 2. Indicates a connection on this card to another point labeled with the same 
mnemonic. This signal originates off this card. 

NOTE 3. Indicates the operation which takes place when this point is a logical one. 

NOTE 4. Indicates the card to which the point goes or from which it comes. 

NOTE 5. Indicates the connector and pin to which the point goes or from which it 
comes. 

NOTE 6. Indicates the number of points to which this point is connected. 

NOTE 7. Indicates connector and pin. (Connector A12, pin J.) 

NOTE 8. Indicates twisted pair cable. 

NOTE 9. Indicates the tab number on the wiring side of the board. The tabs are on 
the outside edge of the board, are equally spaced and labeled 1-7 starting 
at the bottom. 

NOTE 10. Indicates the tab number on the component side of the board. 

NOTE 11. Indicates to which indicator logic circuit the point is connected. A logical 
one at this point turns the indicator on. The indicators are on the outside 
edge of the board, are equally spaced and are labeled 1-6 starting at the 
bottom. 

NOTE 12. Indicates the connector and pin on this board. 
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C- lo-ii 



-JsS— Bi'Z-HqCzi 






[D- 



-A*-H i/l 
OO'O -A7-H '4 

M2- 



f 



00« 

X" 

Bll-l-i 



,„ t > AI1-' 



fcl 






wmwiOHOUH BKmC COWOtAIMN 

Tn.. f^OO^C fo - "m- pamel 



iy/7- g*»g LOCIC 



■jM ^^^ ' H^ 



^^^ 



.^ijliii iCa 



PIT lO (jLaC) 



^ 



8<2.7C23/ 



I 




BIS-MIO— |5g — 



Sit 



C5 LS-H i. "t-^ 



I— tJ-LlI 



ADC— Vs-'S 
Bi S- H5 - fH» 1 




■W ' 

ftis-ni-fiJTrv — 



CI-Llfa-iCIV 



M^ 



i>- 



!>• 



SUM ,1 



I— 111 - li 
SUM- -O 

-m ^3 — czHiT 



C4HI7 -E 



EOA 



C-li-il 



W5-L1 







^ "-^^^^f^T^, 



C-u-i-i 



ft 

I Piu O tLL MOO OUftL MkHOt! OJIH. MUlOS TO OMOi Cl<) 

t. IN 4 All OUOl. NkND}. TotfaV 

• lUOKATES COUueCTOU lO P«tVKX/«l.T- DC^tOUU-CO OOUU. 

PlU Ma or SIMK MMKMOMIC QOMIMa raoM EXTERM&L SOURCE. 
^ INOICATC5 OOMMCCTIOM TO lUT'EOMkl. SOURCC OM CARD 

OP SAME MMBIMCaMtC 



d«r-« 



M fi> 






SUM. +0 



kc=:l'<2> 



C-it-n 



-|«3— Bi4h9(2) 



,iJl_ 






in°V— J — — k — >Aia-i 



Bib-Li 



bi5 



*"* "*' mc Hc 



wtsimoNOUH njcmc covcwahon 

T.r. . f¥iOO/t C fO - M PAME.L 



<»/r cv«^^ t.oa<<: scumffAriti O't iZ (dBC) 



::'i^ "' ? 



W0 



^s 



=^ 



.^^^luU4fc.>;J3~ 



mrfwm STSTma wvtwoM 



86 7CZ33 



■EH-El-f 

I — H5-L' 



C 4-L'l 




Bi5-HJ-{5bJ 



8lSLII-(iiTT> 



1 Piu lO k\.L MOO OJtkLNkUOtt OU&I. MUJO^ TO OMO. Cli) 
t. OtM 4 All DlWrt. N»NOS To««,V 

• iNOicnE« coMuecTou to pae.v>ou«i.r dc^i^mtco conh. 
piw Ma w s*MK mtmuouK. comimg nuM eircRkui. source 

A )MDtCATC5 OOMMCCTkOM TD IMTCRMIO- <100aCC OM C&QO 
or «AMC WINVMOMIC. 







CI-LIS _ 
Cl-1.2 ES}-^ 

CIU5 



C5-Ll3|ira 



-B2-H5pB7- 



A5-H5 
H5 
H5 



512- H5 

H5 

-H! 

Be-Lii 

EIO-LII 
Bn-tll 
612-1,11 



B8-LI4 
B9-tl4 




■|5U4^Bff-tl4 
|tU^BI2-LI4 

BiI-lU 



•-AJ-UO 



C3ll5[Sl 

cs-tioEi 

Cl-Ll4lii! 

Cl-L6En 



.SA2 



® 



Ti 



/e?^-^ 



©L4- 



5)- 



©ii 




ClHI7iiI 



CH.OEgMJ 



2C2> 



M 



©^a^ ^ 



+26vtoGIC 



^ ^^^A^ ^ 



sy 



/U7P 



ii^^&^a- 



.BIZ-H8 



fk>- 



K2I-2 
■AAA — +6v 



-89-H8(-BlS-Ha 
-BI0H«L B I4-H8 
BII-H8 



-B3-HIS 
-B4-HI5 
-BS-MIS 
-B6-MI5 

- B7-rtlS 
-Se-HIS 

- B9-Mt5 

- BIO-HIS 

- ai(-HI5 

- BII-M15 

- BU-HIS 

- SI4-HI5 
•- ai6 L6C4) 



(B)I5R 



E)^ 



sc 



-+6v 



'^'^' ^€6^1 



pC«H(5 

i->A2H»a 



PROD AC 50' SERIES M PANEL 
'S' REG. DATA TRANSFER LOGIC SCHEMATIC 

Referenct Dwg, 867 C z35 



mres: 

/. PimOAUNANOS T0 6ND. (il) 

2. PW4/ilL MANBSTO 6Y£XCfPT WHCKB INPICATCa 

© INtMC/nS CONNSCTION TOPBEVIOUSH 
OfSIGNATED CONhl. PIN m Of SAME AMeMMIC, 
COMING FPOAi Aft BXmiNAL SOURCB. 

A iNOICATei CONN E01 ION 70 AN INTeHHAl 
SOUSei ON CAPO DFSAMf MN£MOt//C. 



-- B-/5 



315] 



I 
^^ 

00 



•i&^ 




-cz-^>»(») 



7b — t — [[7[s>^^^^-i=g-'-^-"'- 




C*-H4 ^ 



BUS ED — «»■'' T - ]'"' 



r*' L? 


-69 


-ei .9 


— B'O- 


-e." L9 


-Bm- 


-M u9 


-Oil- 


-Bf L9 


_6I5- 


-»i-.? 


-B1-- 


l-;7 ;9 





(6)ispEE1- 



-^ 



fMl ii'T (5) 




- I 








TM 


• 


A. 


• "'" 


»4k 


, 


' '* 


o,.,. 


? 




Z fo 


°-'2 




• ** 


■«"2 
















TT" 



"Hj- 



B 2)-Hl 



« f'O 






t" 




C 


Ifli 



»H 



c S)- 



.U^ 



!-»« 



-t!J> 






-BlLt 
-S< lb 

-es Ik 

-BS-lti 



— 87-1. to 
-SB.to 
e? li 
-BIJ :.» 
il'l Lto 
Si2 Ito 
Bt?-Lto 




-gig— ois-n 



PiM lO H1.L ukMOS TO GNO(Ll) 

PiW A ILL M^MO% TO ;*V. EXCtPT WUCee IWOtCATtO. 
'MO'CITC^ CO^MCCTio«4 TO ORCviOO^XJV OCS«MA.TCO COMU. 
Pita uo or S4MC AAMCMOMIC COMtUft PROM e«TCRI4^L SOORC.& 
'ND*C*TE* cowMCCTiOfci TO iMTCRNfcL ^OURCC OU CikRO or 



BI6 



DO MOT KftL( OMC 



TsocT TRiirr 



wisTiNOHousi iucnuc 



lTION 



g -x o*T^ TB>Msre« LOmc -acMEMtnc: 6n ;" 



,/• 






-/k/toj: 



PUTCR SVSTIMS DIVISION 



6k.7CA2>^. 




.MC 



C5-«I7 



O— B15-LI0 

r-BI6Lll 

(I) if "-CS-LKCz) 

' "Ol— BI5-H9 

■fSSr- BI5-H14C2) 
W) l- C5-L6 

STBOB^TAPp g_c^.,,g 



_Al5-«ii 



h-C5-LI0 



+26vl06IC '<'*«-^ 






-+6V 



A8-U5ii3Ht^H^ 






MM 

o 



BUS 



notes: 



1. »/lf/0 All MOD. DUAL NANDSS^DUAL NANDS TO GND (_L 1 ). 

2, PIN •* ALL DUAL NANDS EXCEPT WHERE orNBRWlSE 
MOICATED TO 6v- 

A S/MBOl INDICATES AM INTS/ZNAL COUNECTIOH ON 
BOARD TO CONNECTION OF SAtAE MNEMONIC. 



"n_CS-H6U) 



t-320h-B>6-L5 
lo) -BI5-L9C2) 

Bl6-HI0(5') 
C6-L11 




Br5H6(4) 
C5i9(4) 

Bt5-H 15 



E6L7 



rf 1^15411. U09i7j-E7L7 
-, ^D7-L7'-AZH6Leio.l7 



8154112 1-0919 1-17-19 



r>A13m 
C-il5 
-C5HI6 
L-CeHSOo) 



pAl-H 



C63 01-16 
PROD AC "SO ' SERIES -M' PANEL 
TIMING CARD LOGIC SCHEMATIC 0* TC^ 



Reference DwgB67C237 ■ Cl 



*l-l2hB6L2 

"i2-l2-B7 L2 

■3 U -|8- It 

B5-u'-BHK2 



I-HIO 

18 

HIS 

A2-HS 



-B1IL2 

- Bt2.L2 

- I'S-l-Z 

- BI4-L2 



_L 



Ri6Hi?[n2iC^RP' 



eJ6-HS r gPtS lOO—P 



Pes LOG -"P 



» 



e- 



SUM 13 



Gl>T^ 



SUMO 



RlfiUlUjgCLR.P.O 



F S>--U 



& 



CLR .D,| 



.81 «iv|»m e "" '•PQ-^O 



I 



" ■" M-M7 
&IQH7 



^.2-H7 
■ftJHT 
14- N7 
-65*7 



SJJ M'+o 



»guR .l>.0 



-&I0H7 T^- ^ 
■ail-W7( pCLR PI 

-B'ZH.i rpIS LOG- 



&I4L4L 
C4-Hl7i 

B.4-t7fe^ 
- ClLlSOEh^r 




BI6-H4 ED} 



D-i 



£VEM 




e. 



CLR P.I 



BJ.L7 mi^ 
Bl6-U2|Cg-~ 



]e> y^'^/ 



» 



PES LOG ■ 



^•^^'0^1^^^ 




(2) 



04 



Ht> 



Bi6-Hi4Eg. 



?-»!> 



^li^ 



-U-B5-U c4 Lljp^ 



D-2 



ZERO 



Bi- 



7->D 



^ 



Z5 

HEi-B4-L4 



IMtT/ 



1 



.0-*i 



Z— D 



PLUS .-- 



-il!-B3-L4 



N Ih 



D-Z 



Dl 



E-P 



iBn- 



OVERFLOW?! 
— ES-B2L4 



3£h 



C4LI4| 



+ 26v 







C4L6 »?'"' 
C4HI5 MB 
C4-HI1 HW 
C4H 5 Wf 



i-C5-HI0 
C3-HI7(2) 



BUS "^/ieo/ 
+26v 



LAMPElh 
6US 



.+26VLAMPCKT 



D-»2 



DjL 



R SV 



END AROUNP 
CARRY 20 
(i5)-BlL4 



2-D 



RD-i 



notes: 

I- PIN lOALLNAND TO GND Cl-0 

2. PIN 4 ALLNANOS T0+6V' EXCEPT VWERE 'sOiCATEO, 

©INtlCftTtS CONNECTION TO PREVIOUU OtJiGNATfD 
CONIJ. FltJ NO. W SAME MNEMONIC COM i^i FROM 
fiXTEBNAL SOURCE. 

-^ INDICATES CONNECTIONTO INTERNAL SOURCE OW 

CARD OF SAME MNEMONIC. 

PRODAC 50' SiRIES-M PANEL 
DESIGNATOR CARD LOGIC SCHEMATIC (Z DC) 
ffeference D^£ s e 7 <z 23s C Z 



.nSM 



1 




ZLZji (I) 



C4-tl7(H 




.SETHA 



m 



ttlZ4.. 



;fi3 



IISZEM 



Dl-20:i 



^ 12) 



rj )SET?fftoM in ^ 






^ i-^ SETgFROMlIL.E ^ 



Cl-L3 0}^ 



SETHA 



A- 



i^ 



; gijf i. 



him: 



^SETHT FROMlI , 



,£i3_ 



.SEmF(|»(fflPH4 



/«?¥-'' 



Aitismffi: 



A StTTHFtOWY 



h6V 



f^ZS-7^ 



CtH6 
C4HII.J 

C5-L7|i 



AI3-X 



AI3-HH 




?SA2 

Ski 
■, — (niVBIfe-l-4 
I — -CO.- L 9 

-C5HI5 

La2-L9 

a(4) '^C6-H)3 

5AI 

,?r-Bi5-H7(5: 

(4; -C6Mia(i; 
A2-LII 



FI2 



^-UjjO MJUMP gg^CgHll 



-?jAt8^ 



SEQUENCE FLOW CHART 



BI5-LI7 
C6-H5 

^A2-LI2 
-C4-HI5CJ) 
-BI5 LI4^ 
C6-H£(4) 

BI6-H9(8) 
C4-L2(5} 
BIS'Llo 
A2LIO 

sVIACLRm'aONIY NOACTfON REO- ' 
=ABSeNCEOF® 4 

= Ell, SHEET C5 (ITCO 
= D5,SHEErC5 (ITCO 
= F5, SHEETC5 C'TCl ) 
^NORMAL ITERATIVE INTERRUPT 
SCAN. SELF EXCITED. 



+26v +26v LOGIC 



PSC 

(c)3P[n}— 

BUS 



K60-I 



+26V 1. 



notes: 

- + 6V I.PIN lO ALL KANDS TOGRD. fuO 

I. PIM 4 ALL ',.:,: " " TC t6V 

©INDICATESCONNECTION TO PREVIOUSLY DESIGNA'.^^ 
-PSC CONN, PiNNO.Of SAMEMNEAAONIC COMING FROM 
ES^TERNAL SOijRCe. 
' LAMPC KT AINDICATES CONNECTION TX3 INTERNAL SOURCE S^'i^o" ,t*J"^ !'*J"??,''°^ 
ON C ARD Qr SAMt MNEMONIC. " TAKE TmIs pj^H " 







WESTINGHOUSE ILEaRIC CORPORATION 

PRODAC' 50 SERIES M" PANEL 

SEdUENCE CONTROL - CARD LOGIC SCHEmTiC c ICS'^ 
Re/^erence D^g 867 C 239 ^J 



I 
to 



ft, LM[»5}*^^ 



aii-t4g^ 



B" i.*Ei} 



610-14 IZi^ 



es-i.nf5aV 



09- 14(3^ 



BUS 



■=^ 








_ L;|, HJ(41 

K r — I i '[ 7tv-,-tn,-i i'>/ 



l6 tS i {•^ r^-r-ElJ--?'5/ 




« 



C 3- L'O 



r, 


o..,i 


' r: - 


..J 


1'- 


"1 


u^' 


-a 




"! 


■^iiij*«_ 


_^* 



i^ 




^SE - ' , [ EM^ 



^^ 






TO D SRjPT AOCES; Cfct^RY 

'OK i j*-iMiN& (•c) ♦ (■;; t-0> 

To AvOiO C+O) Su"-* 



t7^ 



_ST» 



■(4g-t-CJ-«4;j, 



K 



OtV' 



cj-i-'iCiV^ 









TT 



• -«- 



;KfE- 



(CLAWI^I 



CMC 



Jfrrr. — B14L'' 






i^C ^■=-'"'?-° E;T)-e„.Li2 



j-.,il3:-= 



c i-L a [^ 












S In tt SC»N 



(C)4P 






2^^ 



r M Mitui 

"""^ -«»■"'»»< 

-•« "'""-BWX.lQl 
■«»-"»"' -81. Miltt, 

"■M|l(«_g|3....iu, 



EORj 




rS;-"8'' 

h-ei HiSui --By-- i'.li 






MCTEV 

I. PlW <0 JkLC M*MD« TO OMD.ClO 
t. Piki 4 AiA NfcMOS TO *(*V. 

• lUOICILTe^ COMMECTIOM TO 

DRcvioosL''- ooiKMaJco cow 

PlW wo or S&MC MMEMOkllC 
COMIMb PROMV E-VTCRMAU 
■lOURCC 

&- >lOC&1E^ COMUeCnOMTO 
IXTCSMIL <tiOORCE OU CARD 



C4 







aO NOT KM! DB« 

■KM UL 1HMI9 [OCIS 07* 

•MCUU« ONffNlfOMS - 



wisimoHouM ofcnnc covonAiiON 

TiTu pa oo*c ao" settles - M PAt.E.L. 

■MSTROCT.OM WCGlSTCa l06IC ^CMEWATiC felB ) 



^ 



2^ 



^^ 



-«^ 



.-^. 



m/TCR SYSTEMS CMVt&IOM 



.8A?C2ffo_ 



f — 



C3-H3 El>^^^^ 

C3H(4 
C4HI4ffr 



INTERRUPT 
LOCKOUT 



CI3-HII 
C|4Hii- 
CtS-Hll- 
CI6MI 




CI5-HI6-r-(CS 
CI4-HI6- 
CI5-HIR- 
CI6HI6-' 



Cl-llOE 



CI-U2 |l|> 
B5-H5 Lis 
B&HS in 
B7+I5 L 



Cl-L4y3 




{Lf}-C3H8{2; 



B8-H-4 

II-H4 

tlZ-H4 
\n\ 

AZ-HS 



B2-HI7UBI0-Hr7 

_5ni7-Bli HI7 
B5HI7-I1J-HI7 

-B6HI7'-B14HI7 

^B7H17 



MAP 






gfia t>i-i4.. 



C3-LII 
C3LI7 

C5-L9 

C3L6 
C2-L7 
C3-H7Ht 



tin— ai-H)4 



gg— CI-MI6 






JDS^ 



CLR F, I 



-(i5i-rC4-Hac6; 
"-Aa-Hg 



^&%'ED 



+ 26y LOGIC 



(C)5P|Ll} 
-t-26v 



PSC W* 



8t 



-+6V 



LAMP 
BUS 



iHaV - 



-4-26V 
— LAMPCKT 



PROP AC 50 

INTERRUPT SCAN 



SERIES --M" PANEL 51Ci 



^31C1 



COMTROL LOGIC SCHEMATIC 

Reference Otvg SGJ C Z4lc$ 



notes: 

1. PIN 10 ALL MANOS TO GKO. (l O 

2. PIN A ALL NMDS TO-fGV EKCEPT VJHERE INDICATED 

® iHOicmi coKNEcnoN npKvmsLV oesighkteq conn 

, PIN NO. OP SAME MNEMONIC COMING Film EmONId. SOURCE 
A miCATES eOHKeCTIOfi TO INTERNAL SOUReE ON CARD 
OP SAME MNEMONIC. 



C 5 



CI-LI8 
C5-LI0 



v§£i= 



C7-UI3 




csLiesr 



. RJP 



C4L7 



C4-t6 

C3-H3|i|_ 
Cl-L7liii 

BlbMl 




RJP 



r 



m-<^y HI6 



O) 



A4 EiM. EN 



-®' 



(I) 



M-L8 
0I5-L8 

DI5L5 
II1.5 
EI5L5 



C5L9ES^ 



STff<j|€E-g>fg-/| 



3esp 



/vAEAA 




, ,^ +26v LOGIC 
+ 26V, — , 



(?) TAE> 



BS-LI6 
-6(U6|-B9-LI6 

-BZLie-eio-Lie 

-«5ll6-|'l-l.l6 

^ulFS!l"Lj| 



PSC 
(06 P ED 






o 



BfrLICT 
87^16 



Urn 



-+6v 



.?3 U2 
.C7L5(8)Lpi5^1.2 
-C8L3(6)-E3 1.2 
-C9^3C8)-F|5l2 



SPARE 
>*INS 






PROPAC 
MEMORY 



notes: 

1. PIN 10 All NMPS TO GNQ (L I ) 

2. PIN 4 ALL NAN as T06V EXCBPT 
WHEPB INDICATED. 

e» INDICATES CONNECTION TO PHeVIOVSLY 
pes I GNAT ED CONN. PIN NO.OF SAME 
MMEMOmC COMING FPOM AN EXTSIINALFOIICC 

A INDICATaeONNECriDNTOAN iNTPfiUAL 
SOURCe ON CAUP OF SAME N\N£MONIC 



"50" SERIES -M" PANEL 
ENABLE LOGIC SCHEMATIC (2ME) 
Ref&r e.nce. Dv^g. SS JC 24 "Z-ce 



L_ 

+Z6VA 



C6-LI7 
Bl- 



SEL S 



H6 SIS^Q- 



iH-3B 



IV4!ISfci* 



E^v*. 



C6-LI8S#^^WV^ 




01-3 DI4 DI-3 



B2 H30 




SEL S 



S^ 



BS-HJES 



^ — w- 



T8 I 



D7-I •>< 



J2( 






+26VA 
TS-3 



^1 

3A 9-^ -^ JJt2.3 

2 D7-5 ^i^iJrM — T— ■ 




D8-I + 

-l«-fl2)-C?Hl(26v) 
+26V(MS) 

CII-L9 

D4-H/I 

-E4-HII 

-OlfrHII 



(^0(p2MF 



Cll- 



HI2 

E4 kl7 
DI6-LI7 
EI6LI7 



Aff^ciz-He 
4u8t--Crj-ni 
^^-£>»-H7 
-EI-H7 
-DI5H7 



•EI-H-4 



Azores: L^jVj 

Z.PIN 4 ALL DUAL NAHOiTo+&/E*ttn AHUBKAJED 



^Ef3-H4- 



-SUf^ 



3.1 I I \-^S'/MBOL-F0R LOGICAL NAND (MoOIFieS) ROW 

LLir*£/^ 743A409 
4k® SYMBOL /filDlCATeS CONNECTIOH PREVIOUSLY 
OESIGNATEO PIN NO. ON aOARO OP SAMS 
MNEMONIC rKOAA eKTERNAL SOURCE 



64-H6 

B5-H6 Eiy^ 



C6 



■LISEI}^^ 



ce-LieiOB 



B5-H3ES^ 



&6-H3(tl} 



sua 



COLUMN 




PI-Z4 
+ 6V 

C07P ED 



PROPAC 50 SERIES -M" PANEL X-EVEN 

ONE HALF SELECT- LOGIC SCHEMATIC (S HS) 



. tie 

DI3-H3 

- O16-LI6 

- El -w-i 

- 64-1. * 
-EI3-H5 

1-EI6-».I6 



fi^fe-re-nc^ Owfc' 367 C Z-^g — C 7 



L_ 

+ 26VA 



C6-LI7 
BI-H5 

B2N6 
B5H& 



a gSELs 



C6-II6 E3^ 



B2-H3 



B3-H5 



D6-I , , 

IMES-CS Hl(;6ir) 
+26vtMs; 
4hMF 
i®T-Cll-H7 
-ClIsLB 
-D4-HI0 
-DlfrUlO 

-Ia-hio 



gi5h-CII-HII 
-CII-L6 
- 04118 
-DlfrLll 
-E4U8 




Nores- 



MI7 



TOVt-CIKIZ 

DI-H6 
-0I3H6 
-EI-H6 
L-EIJHe 



7-Mf 

CI1-LI4 

- C)Z-H II 
-Ol H5 
-PI3H5 
-EI-H5 
EJ}H5 



/. fi/fl/ 10 ALL DUAL NANDS TO GltJ). CLl) _ , ,„ 

ZPIfi/4 AU OVAL NAUM TOtft^tXCCPTAS INOMTO f^ 



'n rhf>'**£W fOU LOGICAL NAMD(MODIfltD) 



4, ffi SYMBOL INOICATBS CONNECT ION TO PKlVIOUiL)/ 
OeSISNATED PIN HO. ON BOARDOF SAfA£ 
MNeHAONlC FROM EirTERNAL SOUfice. 



M4<3eB^ 
B6-W60} " 

C.PSC)'— ' -^^ 01 15 

ca-ui inaPsc'i};' 



B54<3|kS 



B6413 



SUR 



+26 V, , 

BUS @n} 

(C)8P OJ 



ROW COtUMN 



SP/RE PINS 




-PI6-L5 
•AI-HI7 



JifSh-E4-LI3 

f9U-04-Lll 

^-^T-E4-in 

CI4L5 

-DI6 L»l 

-Etfi-LII 

AI-HI5 



005^R 






EA-LIO 

D4-LI0 

Die'LlO 

, , ^ E(6-LI0 

00J0-W 

-CI5-I.5 
-DI6-1.9 
-Il6-L9 
•-Al-HIJ 
PI6- 



-ElH- E4-U 
h OA-L 
*- EI61. 



L6 

La 

-E21--D4-L6 

- E4'-L6 

XCOM _tCI6-L5| 



ES— C7-H3 



PROD AC 



SifflES "M" /'4/Vf^ 



ONE-HALF SELECT -LOGIC SCHEMATIC (2.HS) 
Reference Dwg Bey cz Z'^4 ■ 



CB 



L_ 

+26 VA 



C6 LI7 C5>i^L_ 
B7H6 ^gc 

&9H601 



B 



I2« 

+ Gv +6v 

"^ 01-3 Pi4 Dl-5 



B8H5£ 



I 



^A'W 




e- 



SEL S 



B9H;iuil> 



^Di:r|5|A|p^ 



ss 



171 9 



©Sli-^ 



2 

T4 

+ 6v 



©ss_ 



S7 



(psg 



Oi-ro 

+« — 



PHI 



,, I T a-i 



P8-I 









26vA 






+26VA 









^ Sfj^ P7-7 ^.V ^ T ^ T — oiT-cim 



+26v(HSj ^ 
0O0<pMF 
-ffiSiT-CI2-L9 
-DI-U7 
-DI5LI7 
-EI-LI7 
L-EI31I7 



0Z00-MF 

-DI5HI3 
-EI-HI3 



-Ei-rCIZlll 
-B4;H7 
-016H7 
-E4-H7 
■-EIGHT 






+6v 5^2 

notes: ^-C7-HI7 

'. /'W /<? ALLDUAL NAnDSTO GtJD iLl) 



113 

5 

LE4-H5 

EI6H5 



"i.PiH 4 AIL PUAl MfJDS T0+6y,iyefPTAS WOlCATfR 
■5-I I \'\-)SyMBOi FOK LOGICAL NANO (MOPIF)ep\ 

'*© iyMBOL INDICATES COUNECTtOfH TO PREVIOUSLY 
DESIGNt^TBD PIN NOON BOARD OF SAME 
/ANSmONIC from eXTERNAL SOOJ3C£. 



BlOHSICSh 
BIZHGEl]^ 



C6 -t-ifigii ^^'-^ w ^"^ 



BUH5El ll:'° w 



+Z6v 
+26\/+26v u 



BI2H5ei> 



swsCOsPlkD 



COLUMN 



SPARE PINS' 




PI6-U5 
EI6-I.5 

o000wrgj:|:| 
fnh- DI612 

-EI6L2 
■-Al-LZ 

+ 26V 

4*4 — ffial-- Pl&^Hia 
D4.-*8 '- EI6HI8 

fP4-H«7 
E4-HI7 

- E iS-H I 7 
AI-L4 



D4-HI6 
E4Hie 
PI&Hie 
EI6HI6 






'\- 



01^5 
+ 6v 

+26v__, + 26v LOGIC 
BUS ED 



PRODAC 50 S£fi/£S "M" PANEL Y-E\/£N 
ONE-HALF SELECT LOGIC SCHEMATIC (2HS) 
Reference Dw^. 3670245 - 



.ivrP4-Hi5 
•^-M-His 

-EI6+<I5 

^Al-L6 



'-Eie-Hw 

Wr-P4-HI5 ^ 

ii--Dl6Hl5 
-EI6-HI3 
Y-C0M__,'-AI-L8 t 

flW-ClO-HS 
-Pt-L16!l 
-D4-H 3 ! 
-D13-LIG1 
-PI6H 5j 
-El- 1.16 
E4-H3i 
EI3LI6I 
I— EI6H5 



C9 



C6-LI7(l3). 
B7-M3 [uyyii 

B8-H6 (u 
B9-H6KT 



C6H6fjTf 1* 



•8 Hs gg. 



a9-HS 




M-i7]-LciO-HI(»2fii 

OlpO-MF 

'^-^ -01-118 
-DI3-II8 
-|I-U8 
•-E 13118 



OSOO-MF 

-Dl -HI4 
-Oli-Hl4 
-El -HI* 
L-EIJ-H14 



OSOO -MF 

£51-rCi2-i-i2 
-D-»-H» 
-0it.-H6 
-E4 -M6 
I— CI6-H& 



^CY'* X 07OO -MF 

^^4—? = ItsVr- CI2-L14 

- D4-H4 

- DI4-H4 

- E4-H4 
I- EI&-H4 



NOTES I C7-HI7 

I. (»IN lO ALL DUAL NAMDS TO CNQ (li) 

Z PIN 4 ALL DUAL K4ANDS TO tiV, EXCEPT4J IHDICATSO, 

II I b^rMaOL FOR LOGICAL NAMD (modified) 

I I I r REr 743A409 
4.® SVMB0L-INDICATE5 CONNECTION TO PHEVIOUSLY 
DC SISNATEO PIN NO. ON BOARD OF SAME 
MNEMONIC FROM EXTERNAL SOURCE.. 



SUB 
ROW 



BKHISHy)-^ 

Bii-Htfrryii 



ClO-LI [TtI 



cio-Li EH 

(PSC) ^ ^511.5 



H*[rg. 



-DI-LF 
iooo«|_Ei-L$ 
. _ -L5 
■EI5-15 

rOI-L-* 
lHT3.-b,|-t4 
I — AI-U5 



PI-L3 
- 13 

i.S 
L5 



rOI-L2 
3ooo-« - e I — L 2 
Jg?V-5l3-L2 

- AI-L5 



DI-HI8 



COLUMN 



SPWC PINS 




-HS [TTJ. 



5ooo-wrf,_ni7 



-0I3-H17 ~ 
-I13-HI7 



PI-HI6 
"-H16 
.3-HI6 
I3MI6 



+ 2«V ^ ,+2tV iOSIC 

BOS I Ml ^ 

CC)ioP [Xn 



/JiCiCZJ^C ':56 SERIES -"M "PANEL Y- ODD 

ONa-t-IALF SEL&CT - LOGIC SCHBMTIC ("Z NS^ 



J_( 



■ (rT4> — ceL« 



Ci-Ut 



C5-HI4 [Hi4V 



>A10-P |C. 



> AO-N 



*2«V 
SEL oi-» Dr-7 

M-Lngm win 




C(I-LI iMITh 



8lS-L2|^] W— k 



Bt/aED- T ^^ T T" 

)<'P rrn- — i i i- 



^J^OPAC 50 SERJES- "M PANEL 



EXTERNAL PULSER LOGIC SCHEMATIC QlEP^ ^_ 



ClO l5 



psc m 



IHTeiH(OOATe PtnStH 
C6-L2 ^^n^iiiS—^ 



-^AlO- Z t£. 



^AtO-AA 



^Aia-B& 



->AIO-CC 




->AIO KK 



->AlO-MM 



COizpED 



PROOAC £0 S£f?l£S A\ PANEL 
EXTERNAL PULSER LOGIC SCHEMATIC i/£P) 

aeF£KENCE B&7CZAS C IZ 



tNT£Rg06ATe 
CI2-H|3-{H8} ""^L^" 



D4-9 



9 

0W-L9 I-CI6-L9 
C7-L5 

ci4-Le l-cie-L8 

i: .^ ^ : <*^f ? ^ |-C'3L7 r C'S-l-? 
f^^rri^ ^ U.A-L7 LCI6-L7 



D4-I0 




i.-;:::.S.= Ul l-CI»-L7 "-610-17 

■r^iKjJj )/.>j^^ W SJ C 7-LI8 

^^^^-x-com"^ Lci4-L6'L.CI6-i6 
^^ iU — C 7-H3 



C'^ 



I 



A, 4 '^ 






L -,11 



M4-M <-4 JK^p- 



Al*-*' 
A14-X 



P , — _iirr li 



Ai4-ee<-J-j_ci3-i.jo 



+ av BUS \xi ,— 




p — II — i — (l- 



AI4-^«_» [^} , 

K^-ftA^-J— |CI3-1-I0 ■ If -i It 



c.M.3-^rl ^t- -r '\' '^' j- ^ 



^viC- :,i 



t-<^- 



O U V) 






f? 



r:tJ 



I COHOfMlOD ■V 



irMaoL Poft 

IMT ihT corf 

Pf)cir/><ie 



' 1/0 2 









:^^:^ 



I I 
-:r-(») 
I 






ri-p/f^j, SiwCMStOi.fSS-ILL 



WUTINOHOUSi EUCniC COWO^ > 'N 

^,^^, P KODAC J O settle s 'v^'iAun ( -tl) 

Sua I 



3l 






vj^v . *J" 



iniTKn armTw oivMtOM 



:^c:- 'C. 



OS 

I 

CO 




I 




I 



rt,'/ s- 



Ki 






♦ at.V MEMORY 



VT»CKO 6>T 

D6>-Ht FT1 



4TACK O BIT I 
Dfc-Hli |Sfc} 



STACK O 6n I 
Dfe-Hi; (mT] 



STOCH O B>T 3 

o*-w: s] — ^ 



STICK O 81'' ♦ 
07-H6 ^2 



STAC K O E'T S 

07-Hi E5) 



&TACK O SiT ^ 
D7-M10 ISiTl 



STkCIt O ft-T 7 
01- M7 EB 



STAC K 6ir 8 

o»-Ms El) 



iNMiaiT 



INHItlT 



3 



XNMtDl 



CW i 



^^— ^ 



iHHltlT 



144 



iHHttlf 



t)4 S 



jmHitif 



V0tfBiT 



ZA-9 



vnuw 



t)*-9 



STAC K O W 9 

D6-M7 (ug 



06- Hb £3 



JACK O ff "> 



STACK.O B'T II 
06-H5 E]fc] 



STACKO S'Tll 

D6-H10 ED 



STACK. O BIT ij 

D6-mi EISI — ^ 



U-lllfc,Ol.^l|,^ OS- Hlfa— Nil i* 

OfcHn,l>1»in, 08 - MlT— (Til — i 
D4-UAD1-HM. 0*-Hl&- nil *■ 



D4-MI»,D1-HIB, 0*-Hl& 



P»C (?») -^ 



tHHl9lT 



ttmia/T 



DOM 



^ — s:1 



5— =1 



r-T! 



— * — r 

04-10 i < 



04-li T I 

jHHinr s 1 



04I3 T. 
MHlBlT £ " 



IMHlOlT 



D4-I+ 







TO IMHIOlT mftHOl'*^ 



TO IMttlBIT *^t^DtN^ 

_qW5 »"■/ sr<»tir o 
-ox* 



» IMMIBIT tMNDIK^ 

-Ow« 

ID tMMBiT WIMOIft^ 
_qV|T *' J SI»c«r a 

-O««o 

W Inhibit wivDif^t 
_qW* S'T ♦ iTMCK O 



W INHIBIT wtlHO»l% 
_qWII »" 5 SMC* o 

lommmiT wmai»f 



TOjmHBiT wmoifK 
-OVMS" •"■ ' ST^" o 

ID JHMIBIT WWVOTMC 

-OWXX 

ID pmiBiT wmomt^ 



>D IMHiBiT mmoim 



-o^»* 



_Q«4tr *<»■ /e &TMCK o 

ID JMHIBIT WIMDinS 

_Q>ttty mr 13 smcK o 



SI 



cfc-Li* [lTI 



fci4-He.[LT> ^'^ - 



DtS-Lfe 

-Dfr-Llfr 
-D7 -L14> 
06-LI(. 



1 



0IS-L4 [n} 

C*->.li [lb} 



THOU Sit '.$-•' 
JUI>Pt8ULl> X" 



li/EVI EM 



STKO 



^ 



-B-" 



ajs-i 



4 y.^ B0S15D ■ v/^-» f -i.v 



(0) i P (CT}. 



T 






»— Elh 



5Tlt O 
JUMPER 



&F)ARt^ 
CI MS 



NOTtS-. 
I *\H 10 S» DUAL NANO To (tl) 0«D 

~ {15 SYMBOL FOR LO&lCAl. 

OUAL NAMD *-iS- 743A40B 





IIIIIIII 






NOTt- 

I. ALL 



L^ .. _..^_^i 

ilODCS D4 OOANTlTy (44 



r 







t: 


2 


i 

ft 

o 




1 

• 


I 

•a 
« 


Ft 

8 


*^o In 


" M 




"♦n 1 »i " 














" M 
















"^n ii " 










li 












""o I « 














"'"n 1 H 


" K 




»"q 1m 














M 
















»IV 1 H " 










n 












""o i M 














"'^O i M 






" M 








xzo, t ^ " 










" •" 












XUq { m " 














-O t»| 
















"^Vl 1 u 






'"n 1 u " 








" u 








"% I M 






















^^ Im '^ 






























Xii^ 1 M 






*^^ 1 M " 


■' W 




"^^ 1 H 
























!• 












"♦th 1 H " 






























**fe iu 


o •" „ 




**^ I M 






o •" 








"^fe I H * 










^ *m 












"♦%! f H 






























*^°Q Im 


o .K 




''^fl 1 M 














"'>! Im * 






















"^fc ku " 






























"^^ Im " 




" M 




"?1 1 M 




li 




X^-'O 1 H 




7 " M 




»^t^-Ui ? 


1 



D7-H5 




WESTINGHOUSE ELEaRIC CORPORATION D . 

Lt PROPAC 'so' SERI ES "m" PAKJEL. ST ACK D 



©670 255 




*^^^ 



*2<>V lOWC 



S_-BI LIT 
•13-61118 



€3 -^ 



^1 



KM' I 
1— A/VA/^ 



101 «p [Try - 



17 
I' 






I 

00 




TO StNSt 

6iT •♦ 



STACK O 



""^^7."^ 




BS LIT 




ftS LIB 


TO SEMSE 




WINOiNfr 




&1T 7 




STAC*tO 






M-LlT 

66- Lie 







TO SENSt 

BIT 6, 
STACK O^ 



S>6T-L17 
lLi)-B7.LI8 



TO SENiE I 
W'NDIN J 
BIT 9 
5TACK O ' 



Tia-Bio-uiT 

IB-aioLcB 



I StHil 



TO SENSE ^ 
KMCHNb 
BIT lO 
STUCK C 



L.. 



"r^H-BiiLiT 
tlLiJ-aiiLi6 

I 
I 

J 



IbVEHSE 

WINDING 
BIT II 
STACK a ' 



»T II 




69L17 
B9L<B 


TO SENSE ^ 


. ""H't^ 


-OiSLIT 
-B>SLI6 




WINOIN6 ^ 


r 


t 






81T \t J 
STACK O ^ 


7 


1 

1 






D5 



TSjS' rSTET 



WtSIMONOlHi HtClUC COKKMAnON 

"KDOAC SO SERIES 'h"P*MEL STACKO 

TiTVi 



St-NSE AMyilflEB LO;IC S'ht-M-TiC 



r^EZZI^^j^ 



^^^ 



-,!, 



■A*. 



mm«AWr«Ms omaioM 



(ISA) 



y;84 



QlllCi-fk'. 



Bfc-Hijfny 



SUM 5 



_J 



BITS' INHIBIT 



VA *2& y 










5/r-4 INHIBIT 



{M3)-D3H't 



BS-HiifLiy 




eEl-D3H9 






BiTG INHIBIT 



t'^ 



5 i=l 









-{5^-03-Ml7 






fi/r 7 INHIBIT 






oe-MrjlII}- 



,TfcI Tl-* 



To 4." sf IT- g^ 



-^H7V-t)VHi> 



fj*" 



Y-REAO 



Cl-L(» h- 



4mi}-l-04-«6 CI-l>4|L9|-^ 1»^ 



y-WRlTE 
>lw t^ vc 









D3-LIO 




L-oi 



Ol-Ll^ 



CI9-I 



D7 



.«i. A 






TKsanSr 

MC HC 



T^, PKOOAC 50 S ttlES 'm 'pIw CL STikCtC O 



coot PUISER tOfc'C SCHEMi^TIC . DlAO 






, — r 



7?c^ J 



_Sfe7C2.5-8 






_l 

♦tfcV 

or ' 



V* ti-;y 



Bit- I INHIBIT 



ez-Mi 



SUM 1 "' cvi '• ^ i-eP' 










{>i 31-03- K«, 



Bl HlijJT- 



Suf^ O 



'J 



A,. k' 



^i n ]' Zf 

t^ k ^\ lie :| |. J 



8 1 TO INHIBIT 

zr 



»Sj-D3H5- 



p/rp INHIBIT 



tin V* ■'°' ,--• 

SUM 2 "1 tMi ? ji^ « r?i 4>— *- 



h. < -•. ir^HIBlT 






_[5]^OJ-M7 



1? 



6<» Mii( i 



: "^ 3 



■ * , '-■ "1 ■ si U 1 >>" 

I . A T ■ '^ ?« 



•'T)-D3»<» 



X-R[A 



fAO 



Cl-L4,[u)- 






STIC O 




^^ 



X-V^H.IL 















-4^ 



VI. 



o -i- 



' — Tloi- -9 



i 



03- 



-- -. , ;i ,- ^ "» 1 ,^_ 






T 



~-.KlV-j<., - » V» -^ 



13 



Dfc 



WISTINOHOUM lUCTtlC COVfORATION 



c<;ce ) 






-| ^ 



Bliic'is"/" 



, Bir- II INHIBIT 



«1 



BiZ-wil [liF 






VA 




B/r /O INHIBIT 



v» ♦li.x 



, , Sum 10 ~ i:«;< «i* w 



BIT- 12 INHIBIT 



-,Si»^ IZ 



•t 



c« ! or 



.Sum 13 



iic, ^^' - ^:' 



e,4.M,3[ri] ■-'^^_ i.i Ifnrr^ 







Q I Q 




SEK-oj-Lis- 



{«]3-03Li7 



8K>Hij[L5p 




5/7"- 9 INHIBIT 



5 5 si T^ X 



-ED-DJ-H4 






D6- LI TluTH 



SuM e 






:1 



■fHrit-03-l.iB 69 HiifCq] n^—)^-^ — ^-^w^, 



il 



H-fc 
StLtCT 



>.: 1 '^ 



ovuo[y^^^.Ht7*7^ 



^CT 



■ StLtCT 



S i i-^ 



^ — VA 
■ 1 



VJjLV&JSJMr)- 



Oi HISHIB 
(D)T»- 



f26V LOAlO 



i 



ptc" 



a 



fi/ra INHIBIT 

fli« tlkV vc 



1^** TJ3^4 [Mr)-03- 




L13 



s 



X 



Ct9-( 



DO •«• KAt< (MC 



D8 



WESTINOHOUM lUCmc CORKMATION 

COftE P JL S£R lObtC SCHLr^*"' 'C DiAC y 
•c«Lfl I Sua 1 






^ 



^^s 



•TITOM •■*■«»< 



tsf:^ ) 



«tov 



BIT- 1 INUIBIT 



Bl-HIJIT 




BIT-0 INHIBIT 



« ¥W 



■03}— ois-Mfc 



SOMO 



BI-mi»[l|] |»-HtT'^''**r ' 



C4^4 Ilk- 10 






^ 5' 



"M :;:► 




-pn— Qiy-wy 



P/r^ INHIBIT 



sj-Mog^} 



SUM « 



i" T "J i-^ 

fc! I It i I r.-r e 



P/r 3 INHIBIT 




-Jwg— OlS-MT 



3' I 



Wt *M< 



, ,9m' . «*;» tin* 







fi[T\—o>»-m 



«k 



«fM <'!*« 



X-Read 









STK I *{ 



3 1 •* 1 - ) 02-1 oi-j — ) t (r 




X-WR)Tt 
rut *f^ vc 



MtiD -■ \i l\ is 5 

-itfiiVT-MVM «-ii4.[w}— ■ 1»- — I C t t ^»»' '-HD 1 ^ ^ T t .( L.) 

1. U *!"^s];|..|« J 



'i 



♦itv 8v> [im *'**|-°^^ ♦ f~ tifcV 



04 I) 






i:: 



4.-» 



-«k 



a 



9 

u VC 



CI9-I 



D9 



com PUl^ER tOfctC SCHCMATIC DIA». igCPj 



— <^c- i>fw>^p4.Mz:: 



#»'#-^=^2fc^ 



@ 



-9 ' " 'il xJ5 



M 



3^g£lCXS5 : 



Pit 5 INHIBIT 






4 {-f-w^-/- 




9/T-4 INHIBIT 



■{H3}-DiS-MKp ^i li ' 



-Hep— -^:f> i,^^ 




jiiTT— DI5-H9 



I 
C7I 

CO 



•l^V 4l^V 



e/r^ INHIBIT 



B7-HIJ[l4> 



^^ 






F/r? INHIBIT 



-{Sg-OlS-Hl7 






BS 



»..Esi-^-fT?~fefl5^^ 



sg-ici ■ ^ 



I 



-« ♦uv 'itv Y-RE.AD vc 

1 I 



« 1 .4 1 



•t 



T-IJ « 



:X 



I r 

.iLtCT a J. 

5 



i5 



ol-.9i .02 1 ^ -^^ 





-,^I|J- 






YWRlTt 

f24>« *1«>V VC 






xi I i 1 -- 



1| VA 



>zuvisos[Mr3''^\'-°^'^ I 



01^5 HI 3-fMli,|— 
Ol5-H\5-M18 



UjUP-iJ-l 



tr^ 



C19-1 



00 ■»! «*«[ C 



-ED-OIS-MI8 




■c . ■{hTV-i-Oi^ 114 



DIO 



WBTINOHOUSf lUCniC COIMMUTION 

,„^, J>RODAC 50 S CRIts' ►a" P Ar-<LL :T-^'k | 
COR E PULStB lO &IC SCHE.MA-riC _pwk&^ CiCP ) 




♦ HV 



8IT-II INHIBIT 



8ii-Hij[T5) ^ 




BIT 10 INHIBIT 



{H3V-Dl5-Llt. 



^SUM 10 ~ e*-« (WIS 

a»i hijIlTI 1»— I— IH^~*' ' 






A l.i 



-S3— 0«S-LIS 



B;r/2 INHIBIT 



Sum li " 
Bll-Hl3|g] ^ -HI; 



^ T -J i" ±" 

;i^-^.^4^. ,(fej e^-- 

-" 5^' is 1 OT ; ; |>< 



S/r-9 INHIBIT 






*io-Hi'i[i5]- 
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THE INTERRUPT SUBSYSTEM 



GENERAL CHARACTERISTICS 

Interrupt Defined 

The Interrupt subsystem is the means by which a plant contact, a peripheral unit, or an external 
signal can call up directly a program in core. The subsystem is organized on a priority basis 
so that more important Interrupt inputs are scanned more frequently. 

Interrupt Circuit 

The Interrupt subsystem uses a saturating core buffer storage element for each interrupt input. 
Sixteen of these storage elements are located on each EI card. 

A maximum of four cards can be used to bring the system up to its full capacity of 64 inter- 
rupts. 

Operation of Interrupt Subsystem 

Operation of the subsystem is as follows: Each sequence III the computer generates a probe 
pulse which checks the state of the interrupt input contact closures or signals. If a contact 
closure is present and the Interrupt core has not been previously set, a four-layer diode is 
triggered, and energy is dumped from a capacitor through a winding on the saturating core. 
As the core switches a signal is supported on a secondary winding called a "Hit" signal. The 
Hit signal sets a flip-flop. If the computer is not running under lockout, it completes its cur- 
rent instruction, then enters sequence I, which is the Interrupt scan. Successively the com- 
puter routes a pulse through each of the Interrupt cores until a response voltage is generated, 
and the lockout flip-flop is set. The computer then goes to the location identified with the par- 
ticular core last scanned and does the instruction in that location. 

After the particular program called out has been run, the program will clear the lockout flip- 
flop and the Interrupt scan will once again begin to find lower priority inputs or other high 
priority interrupts which may have been set while the computer was running under lockout. 
When the scan is completed without finding a core previously set and able to trigger the Lock- 
out flip-flop, the computer will execute the next instruction as indicated by the program counter. 

Block Diagram 

A block diagram showing the Interrupt Subsystem is given in Figure 1-20. An interrupt is brought 
into the computer in two steps. First, the input voltage must rise to a sufficient level so that 
the Interrupt core can be set during probe time. When the core is set, a pulse is generated 
which sets the Hit flip-flop. Second, the computer must scan the Interrupt cores until a re- 
sponse voltage sets the Lockout flip-flop. The computer will then execute the instruction in 
the location associated with the last core to be interrogated. 
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Figure 1-20. Interrupt Subsystem Block Diagram 
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SEQUENCE 1 DETAILS 

Description of Sequence I 

A flow diagram of Sequence I is shown in Figure 1-22. At the end of each instruction the Interrupt 
Lockout flip-flop is tested. If Lockout is set, the machine immediately proceeds to Sequence II. 
If lockout is not set, the Hit flip-flop is tested. If there has been no hit, the computer moves 
into Sequence 11. If there has been a hit. the S register is cleared, and Sequence I is entered. 

Before the end of each Sequence I, the S register is incremented, and the Interrupt is checked. 
If Interrupt Lockout has been set by the response voltage from an interrogate pulse. Sequence 
III will be entered, and the core location will be accessed as determined by the contents of the 
S register. If the Interrupt Lockout is not set. a check will be made to determine whether the 
scan has completed interrogation of 64 cores. If not. Sequence I will repeat. 

An interrupt occurs in the central processor when the "Hit" flip-flop is set. An interrogate 
interrupt address scan is initiated and proceeds at a rate of 1.5 microseconds per address. 
The scan always starts interrogation with address 01 and proceeds to interrogate addresses 
02. 03, 04, . . . n, where n is the address of the interrupt input which has occurred. When n is 
identified the scanning stops, the memory device containing n is reset, no other interrupts are 
permitted, and the central processor is caused to execute an instruction in the core memory 
location corresponding to n (64 core locations, one for each interrupt input address). 

Generally the instructions so executed will be a Return Jump, which stores the location of the 
last instruction of the interrupted program, and initiates a new program. Thus any of 64 new 
programs may be initiated without losing track of the interrupted program. 

It is important to note here that the interrupt unit is locked out when interrupt input address 
scan is initiated. It is necessary to clear interrupt lockout to recognize concurrent and future 
interrupt inputs. Figure 1-21 shows the interrogate interrupt input scan timing. Note that the 
"Hit" flip-flop remains set (scan continues) until last available address is interrogated. 
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USE OF INTERRUPT INPUTS 

As previously noted, interrupt inputs are used to obtain central processor attention. In the 
absence of interrupt input signals, the central processor proceeds completely unaware of the 
peripheral equipment associated with these input; consequently programming time normally 
required for monitoring purposes is reduced. In contrast, however, half the available interrupt 
inputs, on the average, must be scanned to locate an active one; therefore it is desirable to 
keep the number of interrupt inputs provided small. Average scan times are 36, 72, 108, and 
144 microseconds, corresponding to the quantity of interrupts optionally available: 16, 32, 48, 
and 64. Examples follow of how interrupt inputs are used. 

I/O Request 

There is a finite time necessary for the peripheral system to react to a function given it by a 
central processor. If the function is to output, prerequisite to that output is knowledge that the 
peripheral system is not busy, hence ready to accept the output. If the function is an input, 
prerequisite to the input is data preparation and presentation for input. An interrupt input may 
be used in each case (output request, input request) to notify the central processor that the 
peripheral system is ready and can be committed to function. 

Process Events 

In application, whether for monitoring or for monitoring and controlling a process, an interrupt 
input may be used to define a particular time in the process which is critical to it. This time 
may be an incremental gate for the error signal to the computer as a direct digital controller, 
it may be a limit detector for temperature or level alarms, or it may define sequence in open 
loop control. 

Avoid Over Use 

In considering particular system interrupt input number and repetition rate requirements, both 
"hardware" and "software" restraints must be taken into account. The hardware presents an 
absolute maximum system capability (i.e., 64 inputs per maximum system). The address in- 
terrogation scan always starts with address 01 and proceeds to interrogate addresses 02, 03, 
. . ., n, where n is the address of the interrupt which has occurred; consequently, there is a 
priority of interrupt input assignment to be considered. 

Prcgramming limits the interrupt input repetition rate because some programmed routines 
are executed under interrupt lockout. When interrupt lockout is set, the central processor 
wil not accept additional interrupts. It will store any interrupts that occur during lockout, 
and will accept them after lockout is cleared. However, if two or more interrupts occur on 
any one input during a continuous lockout, the central processor will recognize them as a sin- 
gle interrupt. 

Filtering .Available 

Several interrupt input filter modules are available to provide interface between plant signals 
and the central processor interrupt input module. Sixteen inputs are provided for on one mod- 
ule. Interrupt rates, exclusive of programming constraints (charge and discharge time con- 
stants consideration), range from 15 interrupts per second to 200 interrupts per second. 
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USE OF MEMORY 

Program Origins 

The 64 interrupts access core location 00001 through 00100. The highest priority interrupt 
instruction should be entered in 00001; the lowest, in 00100. 

Automatic Selection of Origin 

The computer responds to an interrupt and immediately accesses the corresponding core lo- 
cation, and does the instruction in that location without modifying P. 

Avoidance of P 

The program counter location is not disturbed during an Interrupt scan. 

Use of RJP. Y, I 

Return Jump Indirect is typically stored in the Interrupt location to transfer control to a pre- 
determined location and to save the P register contents. These predetermined locations are 
contained in addresses 00102 to 00201. For example, the P register is saved in the location 
that is in 00102 when the Interrupt comes into location 00001. The computer jumps to the next 
instruction called out by the 00102 address. 

Shown below is a t3fpical program accessed by interrupts showing Return Jump Indirect to a 
"link" location, storing of P, Designator and Accumulator, running of program, retrieving of 
Accumulator and Designator information of interrupted program, and CLJ Indirect to location 
containing P to end lockout operation and return to interrupted program: 

FUNCTION 

Transfer to predetermined location and store program 

Transfer address for interrupt #0 

Storage location for contents of P Register at time of interrupt 

Save registers for restart 

Execution of function requested by this interrupt 



LOC. 


INSTR. 


1 


RJP 101+1. I 


102 


5000 


5000 






SDR A 




STL B 



Reload registers for restart 



ENL B 
EDR A 
CLJ 5000,1 Release lockout and transfer control to interrupted program 



Use of CLJ. O. I and CLJ 

Clear Lockout Jump Indirect to P (CLJ, O, I) stored in an Interrupt location to ignore an inter- 
rupt and return to the program that was interrupted. 

Clear Lockout Jump (CLJ) is used any time the programmer wishes to end operation under 
lockout. 
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ADDING INTERRUPTS IN THE FIELD 

Location of Cards 

The EI Interrupt cards are located in slots Cl3, C14, C15, and C16. When using only one card 
in a system, the 3EI card should be located in slot C13. When adding cards to the system, the 
cards should be located in slots C14, C15, and C16 in that order. 

Modification of Scan Termination 

When only one EI card is used, the scan should end after 16 cores are terminated. When four 
El cards are used, the termination should be altered to include 64 cores m the scan. Instruc- 
tions for altering the termination are given on the IC Interrupt Scan Control Logic schematic. 

Options 

Options of 16, 32, 48, and 64 interrupt inputs are available in the system. The unit may expand 
in groups of 16 inputs. Required to add a group is: 

1. One central processor interrupt input module 

2. One or two interrupt filter modules for each type of filter required 

3. One cable to connect central processor interrupt input module to the interrupt filter 
module 

4. One cable to connect each interrupt filter module to standard termination areas. 
These cables will contain necessary terminal hardware to complete the assembly. 

Interrupt Assignments - Standard 

The following interrupts will execute out-of- sequence the instruction in the corresponding core 
location for any P-50 series computer. Of course these are only suggested as standard; each 
system is designed to the user's specifications. 

Interrupt Core 

Number Interrupt Location 

Power Supply Failure 01 

1 Analog Conversion Complete 02 

2 Real Time Clock (Sync.) 03 

3 Contact Closure Input Read 04 

4 Contact Closure Input Complete 05 

5 High Speed Punch Complete 06 

6 High Speed Reader Complete 07 

7 ASR Input Complete 10 

10 ASR Output Complete 11 

11 Contact Closure Output Complete 12 

12 Logger Complete^ 13 

Other interrupts such as extra loggers, punches, readers, and process interrupts will follow 
the above in a preferred order. 
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TIMING CHART 

The timing chart for Sequence I, which is the Interrupt scan Interrogate cycle, is shown in 
Figure 1-23. 
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Figure 1-23. Sequence I Timing Chart 
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I/O) DRIVER PANEL D PANEL 1002 



GENERAL DESCRIPTION 

The l/(^ driver panel has card slot capability for translating half select lines and 
l/(^ data lines originating on the P-50 main frames or P-550 "T" panels to word 
and channel drive lines for either CCO or CCI multiplex xchemes. It also has 
channel driver capability for I/<2< devices such as the high speed reader, punch, 
ASR, and Selectric typewriter. 

CIRCUIT OPERATION 

Circuit operation is best explained by defining the back panel wiring layout in con- 
junction with the data lines from the computer main frame. 

Each slot of the I/O driver panel from slot 1 to 14 is buss wired with I/O data Input 
and Output lines brought in on connector 21 or 23. Each slot then has an individual 
half select line brought in from connector 22 or 24 which serves as its own channel 
address. With the wiring so commoned any card which requires any of the above 
data can be interchanged and used in any of the 14 slots. The following is a list of 
the cards that can be used: 

RB, DE, SL, TS, TN, TO. 4IF, PSS, CD, CB 

The two slots 15-16 are wired for word drivers with 16 half select lines per slot, 
A specific addressing scheme exists and is shown on the attached block diagram. 

There are a total of 4 "D" panels with addressing as shown. No word driver 
capability is available on D.^ and D but the slots are wired for power. 

There are two cards which can be used in any slot of the panel and these are the 4IF 
and the PSS. The reason is that they require no back panel wiring in the case of the 
4IF or only power in the case of the PSS. 

Interrupt wiring needed on many of the cards used in this panel is made on card edge 
connectors with separate cables and have no connection to the panel. 

The 56 pin Elco connectors 21 and 23 are wired exactly alike and act as termination 
point from the computer or T-panel and is a transfer point to other "D" or "A" 
fjanels. The same is true of connectors 22 and 24. 
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NON-MULTIPLEXED CONTACT CLOSURE INPUT SUBSYSTEM 



GENERAL DESCRIPTION 

A. Non-multiplexed contact closure inputs (CCI) provide a fast means of entering 14 
bits of data simultaneously into the computer. This is done by means of a Con- 
tact Buffer (CB) card located in a D panel. There is a maximum of 14 CB cards 
allowed per panel with a maximum of four panels assigned to a central processor 
interface unit. 

Fi^re 1 is a block diagram of the non-multiplexed CCI sub-system. 
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B. Non-multiplexed CCI may be used in a variety of applications such as detecting 
process contact closures, computer-to-computer communication, sequence -of - 
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oxcnts recording and telemetry data collection. The first application above Is the 
more general one, and will be discussed below. The latter three functions are 
similar, but for special applications. 

II. SPFCTFTCATIONS 

inr.iil Requirements 

CI', cards to monitor process contact closures operate with inputs of 48 VDC or 125VDC. 
A 4S\ DC source is supplied with the computer. 125VDC may be supplied with the 
system or it may be supplied by the computer user. The supply should not vary more 
than t lO'T ; the capacity of the supply depends on the number of CCI's being driven, and 
nthrr loads on the supply. 

Rofcrcnce CB printed circuit card description for voltages required on the different 

Cn cards. 

III. riRCUIT OPERATION 

A. Cioneral 

In the general application of detecting the status of process contacts, the non- 
multiplexed CCI circuits are operated in the open-loop mode. No timing adjust- 
ments are required. 

CCI scan frequency is a function of (1) filter charge -discharge times and (2) pro- 
gramming. On both the 2CB4 (48V) and the 2CB6 (125V) cards, the charge time 
for the filter is approximately 0. 80 milliseconds, and the discharge time for the 
filter capacitor is approximately 4.50 milliseconds. Both of these values are 
worst case figures for must-operate conditions. These charge-discharge periods 
indicate the maximum rate at which the inputs will follow the change in status of 
plant contacts. Soft^^arc then initiates scanning of the inputs at appropriate inter- 
vals as required by the process. 14 bits of data (corresponding to the 14 process 
contacts tied to one CB card) are taken into the computer on the execution of an 
input command. The channel is addressed with the low order six bits of the In- 
stiTJction word specifying the channel number. 

B. Circuit Description 

Figure 2 is a simplified portion of a non -multiplexed CCI subsystem. It is one of 
fourteen stages on a CB card. The channel address shown for this card is channel 
27, and the input data bit is number 13. If the plant contact, PC. is closed and 
the voltage V, is impressed across X19 and X3 charging capacitor C, input data 
bit l.T will present a "1" to the 1/0 interface when an input command is transmitted 
over channel 37. If the plant contact is open, capacitor C will be discharged 
through resistor R. Then when transformer XI is pulsed through the action of the 
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half-select circuits, capacitor C will short out the transformer, and a "0" will be 
presented to the I/d interface on the Input data lines. 
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CONNECTORS & TERMINATIONS 

A. Connector Breakdown I/O Interface Data 

Note: This breakdown applies to the P50 Interface plug A12 or the P550 
Interface plug A 10. 
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n. (^1nn(-ctnr Breakdown T/O Interface Half Select 

Ndlc: This breakdov-Ti applies to the pr)0 interface plug AlO or the P550 Interface 
pluc A 12. 
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C. Terminations 

Drawing fi09B977 sheets 1 and 2 define the terminations available for the non- 
multiplexed CCI system. 

Connectors J, K. L and M are the Curtis Terminal Blocks, this Is the most 
commonly used type, however, these can be Rowan blocks which have the same 
terminal markings or they can be Elco connectors as shown in the drawing. 
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CONTACl CI. OS I' RE Ol'TPUT SURSVSTEM 
GKNERAL nESCRIPTION 

The contact closure output CC^) sub-system provides cnmpuler controlled electri- 
cally isolated relay contacts for the control of equipment and devices located external 
to the computer. A few examples of the manv uses for contact closure outputs are 
listed below: 

1. CCd's may be used singly or in groups to communicate with operating 
personnel by means of lights, buzzers, alarm horns, and digital displays. 

2. CCC<'s may be used to initiate the action of plant or process devices such as 
motors and valve positioners. 

3. CC0's may be used to sequence a number of plant or process devices by 
initiating actions in a particular order and for specific times. 

4. CCOi's may be used in combination with stepping motors or resistance net- 
works to provide the computer ^^^th an analog output capability. 

Owing to the wide range of possible applications, power for the operation of devices 
from CCC^'s must always be supplied externally to the CC0 sub-system. 

The contact closure output sub-system consists of CCOi point relay cards which are 
located on one or more X-panels, along with word and channel drive circuitry which 
resides on printed circuit cards located in a D-panel. CC0 point relays are bistable 
(latching), so both set and reset drive circuitry is required. 

Figure la is a block diagmm of a CC(^ sub-system containing 224 individual point re- 
lays. One word driver printed circuit card and two channel driver printed circuit 
cards are required to select and energize the proper relays. One power supply 
switch printed circuit card is required for timing. A single CCC< point card contains 
seven relays, so that one full X-panel of CC0 cards will contain Ifi x 7 112 CCQi 
point relays. By adding a second X-panel a total of 224 points can be obtained with- 
put additional drive circuitry. 

To expand a system to have between 225 and 448 CCCt point relays, an additional word 
driver must be added, as well as additional X-panels. Refer to Figure lb for the 
block diagram of a 448 point system. 

By adding two channel drivers, up to 896 CCO point relays may be used. Refer to 
figure Ic for the block diagram of an 896 point system. 

The greatest number of CC0 points available as a catalog standard is 896, although 
larger numbers can be obtained as a special item. 
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Figure lb 
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n. SPECIFICATIONS 

A. Input Requirements - As with all other sub-systems, the CC0 sub-system inter- 
face with the computer central prcxiessor itself is via computer word and channel 
selection circuitry. The only inputs to the CC0 subsystem are from these com- 
puter 1/0 interface circuits. 

B. Contact Specifications - All outputs from the CC0 subsystem are via electrically 
isolated mercury wetted relay contacts. Each relay contact is a bounce free, 
form D, "make -before -break" type having a normally open contact (N0), a 
normally closed contact (NC) and an armature (A). The open contact will close 
before the closed contact opens. The "bridging" time, or time during which both 
contacts are closed, is approximately 0. 1 milliseconds. 

Each individual relay contact in the CC0 sub-system is provided with an R-C 
contact protection circuit. Figure 2 illustrates the range of safe operating loads 
which can be tolerated without additional contact protection external to the CC0 
sub-system. Reliable, long-life operation will result provided that the current 
through the contacts just prior to opening and the peak voltage across the contacts 
as they open both l ie within the shaded area of Figure 2. Switching of inductive 
loads such as small low energy relay coils (10 volt-amperes or less) at supply 
voltages in the 24 to 120 vcdt D. C. or A. C. RMS range will not generally result In 
transient voltages exceeding that of Figure 2. However, larger inductive loads 
must have additional remote protective circuits for limiting the inductive energy 
to the relay contacts. Diode clamps around all D. C. inductive loads are recom- 
mended as good general practice. 

When using contact outputs to control AC devices, it must be remembered that 
a small amount of leakage current due to the R-C suppressor circuit will be pres- 
ent when the contacts are open. Refer to 2C0 printed circuit module description 
for more details concerning the leakage current. 
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ceo RELAY CONTACT RATINGS 
Flg^ire 2 

Output rates and timing - Contact closure output relays are grouped into registers 
of fourteen. Outputs occur under program control one register at a time, so that 
the states of all fourteen relays within a given register can be changed simultane- 
ously. Once set, a relay will remain set until another output causes it to be 
cleared. Within a given register, one or more relays may be set, cleared, or re- 
main unchanged when an output occurs. Five milliseconds must elapse between 
outputs of individual registers to allow for relay settling times and program re- 
sponse time. Thus, outputs can occur at a maximum rate of 200 registers per 
second, and since one register contains fourteen relays this is equivalent to 2800 
individual contact output points per second. This specification holds provided no 
attempt is made to change the state of any particular one of the relays more often 
than once every ten milliseconds. 

In actual practice, output rates will vary and will be dependent upon program con- 
trol. 



111. 



CIRCUIT OPERATION 



A. Functional Description 

Contact closure output relays are combined in groups of fourteen, with each group 
nf fourteen being referred to as a contact output "register". Outputs occur one 
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repistcr at a time, so that the state of all fourteen relays within a register can he 
changed simultaneously. Each register has a word address and a channel address, 
or more precisely a SET channel address and a RESET channel address. Thus, a 
particular register is uniquely defined bv the specification of two numbers, a 
word and a channel address. Any output on a computer channel must be accomp- 
anied by a fourteen bit "data word". Corresponding to each bit of the output 
data is one of the fourteen relays within the CCO register. Thus a particular 
CCC) relay is uniquely defined by the specification of three numbers, a word and 
a channel and a bit. 

The following example shows the state of a relay register before and after an out- 
put, along with the data word which caused the change. Note that for each bit of 
the data word which is a one, a corresponding relay is set, and for each bit which 
is a zero, a relay is reset. The final state of the CC(i relay register does not 
depend on its initial state, but depends only on the output data. When both ones 
and zeros are transferred, it is said that the data word is "copied" into the reg- 
ister. The "copy word" transfer is equivalent to a "copy ones" transfer followed 
by a "copy zero's" transfer. 



INITIAL STATE 
OF REGISTER 



BIT 13 12 11 10 9 8 7 6 5 4 3 



1 



,____________^__,___,__^_^.^_^^__^_^ S=SET RELAY 

|S|S|S|S|S|S|S|R|R|R IR|R|R|r1 R^RESET RELAY 



DATA WORD 



101010101 01010 



FINAL STATE 
OF REGISTER 



[S|R|S|R|S|R|S|R|S [R|S|R|S ir 



In order to copy a data word into a CCd register, two outputs are actually re- 
quired. Each CC0 relay has a set coil and a reset coll, a set channel and a re- 
set channel. The data is first output on the set channel, then complemented 
(i.e. replace ones by zeros and zeros by ones) and output on the reset channel. 
For each "one" output on the set channel a relay is set. while for each "one" out- 
put on the reset channel a relay is reset. The two outputs occur under hardware 
lockout and are always done very close together in time (18 microseconds). 

1. Data word is output on set channel. 

2. Data word is complemented. 

3. Complemented data word is output on reset channel. 
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For convenience, the reset channel is always chosen adjacent to and one less than 
the set channel. 

After a four millisecond time delay to allow for delay setting times, an interrupt 
is generated to request another output. Within 5 milliseconds the second register 
will be output by the computer. 

Figure 3 is an illustration of the three dimensional nature of the CCd address 
matrix. All of the relays in a given fourteen bit register have the same word 
address. In addition, the set and reset coils of a relay will always have the same 
word and bit address, but their channel addresses will differ by one. 

Circuit Description 

Refer to 867C560 which is a diagram of the circuitry required to set and reset one 
particular CCd relay. The address of the relay pictured is word 0, set channel 
15 (reset 14), bit 0. For simplicity only one relay and its associated driver are 
shown, so the following points are listed to place the diagram in its proper per- 
spective: 

1. One relay is shown but there are thirteen other relays in the same register 
which can all change state simultaneously along with the one shown. There 
may also be many other registers. 

2. One set and one reset channel driver circuits are shown, but there are 
thirteen set and thirteen reset channel driver circuits not shown. 

3. Only one word driver circuit is shown, but there are as many word 
drivers required as there are relay registers. 

4. The power supply switch shown is the only one required no matter how 
large the total number of relays. 
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It is '-ecdTTi'T n.l.'.l t'lal ihe reader refer to the description of the WTj, CD, Cd, 
and PS printed circ<ut modnles before attempting to understand how they work 
together as in 8G7C5r>0. 

The word and channel drivers use silicon controlled rectifier (SCR's) to "route" 
current to the partioilar relay being addressed. An SCtl s simjily a "switch" 
which is either closed to pass current, or open to hloclc current. Once set, or 
turned on, an SCil .vill remain closed and pass current until something in series 
with it "opens up" and stops the current flow. Once the flow of current through 
the SCR stops, no more current will flow until it is again set, or turned on. 

To pick a relay, one word SCR and one channel SCR are turned on. Current will 
flow from the positive voltage supply through the word SCR, through the relay 
coil, thro'jtjh the channel SCR and through the pow^r supply switch to ground. 
Current will continue to flow until the power supply switch "op<?n6 up", at which 
time current flow will cease and cause the SCR's to turn off. 

Suppoi^ that the relay pictured is in a reset stat3, and it is desired to set it. 
The computer will Dutput bit on channel 15 with word selocto 1. This will cause 
the word O SCR and the channel 15 bit O SCR to turn on and conduct current. Cur- 
rent will flow from pin HI through the word O SCR and out pin X34. From X'i- 
current flows through a cable which connects to the X-panel and through back -of - 
panel wiring to pin H17. Only one relay is shown but a total of 14 relays are con- 
nected to pin H17. The particular relay selected, and whether set or reset coil, 
depends on which channel bit SCR is turned on. In our example the channel 15 bit 
O SCR is turned on, bo current will flow through the set coil, out p'.n L18, and back 
to the D-pancl through the interpanel cable and into pin XJ5. From X35, current 
flows through the SCR and out pin XI. Tracing through the card edge jumper wir- 
ing, current flows into pin X9 of the power supply switch. The power supply 
switch transistor is i^onductlng and completes the path to gr junJ. As long as the 
power supply switch transiitor remains ON, current will continue to flow. When 
it opens momentarily, current flow will cease and cause the SCR's to hirn off. 

Having discussed the circuitry which causes current to flow throu;?h a particular 
relay coll, the circuitry concerned with timing can be discussed. As wjs :jecn, 
all relay current flows to ground through a power supply switch whose function is 
to open up the current path at the proper time once the relay coil has been ener- 
gized. The output of the power supply switch, pin X9, is normally at ground 
potential, while the trigger Input, pin X!2, is normally at +26 volts. If the 
trigger input pin Is grounded, a time delay will e\-pire, and at the end of the time 
delay the poA'cr supply switch output will momentarily open up. The output re- 
mains open for about 110 microseconds. Just long enough to cause the SCR's to re- 
set. The time delay between the grounding of the input and the opening of the out- 
put is adjustable by means of a potentiometer on the power supply switch printed 
circuit module. Also, when the time delay expires, an interrupt is generated at 
pin X16. 
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The trigger input to the power supply switch is grounded each time an output to a 
CCiJi register is done. This initiates the time delay which expires, and then 
interrupts the computer to reqtiest that another output be done. Each channel 
driver has a trigger SCR which turns on every time an output is done on that 
channel. Tlie function of this SCR is to groiuid the tripger input of the power sup- 
p'v switch. In 8G7C560, the trigger SCR ':;')mccts from pin X!8 of the channel 
driver to pin X12 of the power supply switch. 

Following is a brief summary of the above: 

1. The computer does an output which causes a word SC\l and a chamiel bit SCR 
to tum'on. This aVovfS current to flow through a relay coil. 

2. Simultaneously, a trigger SCR is turned on whiah grounds the trigger input of 
the powRt supp'v switch. 

3. Four milliseconds later, the power supply switch opens up and causes aU SCft's 
to be reset. At the same time, an interrupt is generated to inform the com- 
puter that another output "nav be done. 

C. Adjustment 

There is only one adjuatment in the contact closure output sub-sy;*.'n. T* is the 
adjustment of the time delay between an output and the oceurrence of the CC0 
completion interrupt. The adjii stment is made by means of a potentiometer lo- 
cated on the PS power supply switch printed circuit module. 

The adjustment should be made such that the time between the computer output 
and fbe generation of the completion intcrrupi equals 4. milliseconds. 

The adjustment can be made using an oscilloscope by observing that the interrupt 
is generated 4.0 milliseconds after the power supply switch lri';,-?er is grounded. 

If no oscilloscope is available it is p>ossible to use the computer itself as a tool 
to accomplish the adjustment. This may be done by doing an output, and then 
incrementing a counter within the computer memory, with a stop command in 
the interrupt location. When the computer is started an output will occur and 
then the computer will stop when the interrupt is received. Tlie accumulated 
count will then be proportional to the time delay between the output and the inter- 
rupt. 

The oscilloscope method is generally preferred since it can be done "on-line" 
without disturbing existing programs or temporarily shutting down the system.. 
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ANALOG OUTPUT SUBSYSTEM 

I. GENERAL DESCRIPTION 

The K(i Subsystem uses special contact closure outputs to switch resistors in 
a digital potentiometer to convert a digital input to an analog output. Two main 
categories exist: 

1. Cards with 7 relays where the cards can be used in place of a CC( 
card. 

2. Cards with more than 7 relays where an X panel with space for 16 
analog outputs (16 words) replace 2 - X panels of C(^ cards driven 
by the same word driver with 2 cards per word. 

Figures 1, 2 and 3 show typical A0 and A(2i/CC0 subsystems in block diagram 
form. 

n. SPECIFICATIONS 

A. Input Requirements - As with all other subsystems, the A(^ subsystem 
interface with the computer central processor itself is via computer word 
and channel selection circuitry. The only inputs to the A0 subsystem are 
from these computer 1/0 interface circuits. 

B. Contact Specifications - All contacts for analog outputs are mercury- 
wetted, non-bridging (except for reversing) and are bounce free. They 
switch resistors which draw current in the milliampere range and have no 
R-C contact protection, except for reversing. 

C. Output Rates and Timing - 1A02 cards (5-bit reversible) are grouped in 
twos to form registers of fourteen. Each 1A01 or 1A(2(3 (10 or 11 bit) 
cards will serve as a fourteen bit register but will not furnish the 4 or 3 
high order bit relays. 

Outputs occur under program control one register at a time, so that the 
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states of all relays within a given register can be changed simultaneously. 
Once set, a relay will remain set until another output causes it to be 
cleared. Within a given register, one or more relays may be set, cleared, 
or remain unchanged when an output occurs. Five milliseconds must 
elapse between outputs of individual registers to allow for relay setting 
times and program response time. Thus, outputs can occur at a maximum 
rate of 200 registers per second. This specification holds provided no 
attempt is made to change the state of any particular one of the relays 
more often than once every ten milliseconds. 

In actual practice, output rates will vary and will be dependent upon pro- 
gram control. 

in. CIRCUIT DESCRIPTION 

A. Functional Description 

Analog output relays are combined in groups of up to 1 or 2 cards per 
word, with each group being referred to as an analog output "register". 
Outputs occur one register at a time, so that the state of all fourteen relays 
within a register can be changed simultaneously. Each register has a word 
address and a channel address, or more precisely a SET channel address 
and a RESET channel address. Thus, a particular register is uniquely 
defined by the specification of two numbers, a word and a channel address. 
Any output on a computer channel must be accompanied by a fourteen bit 
"data word". Corresponding to each bit of the output data is one of the 
fourteen relays within the A0 register. Thus a particular AC( relay is 
uniquely defined by the specification of three numbers, a word , a channel, 
and a bit. 

The following example shows the state of a relay register before and after 
an output, along with the data word which caused the change. Note that for 
each bit of the data word which is a one, a corresponding relay is set, and 
for each bit which is a zero, a relay is reset. The final state of the ACJ 
relay register does not depend on its initial state, but depends only on the 
output data. When both ones and zeros are transferred, it is said that the 
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data word is "copied" into the register. The "copy word" transfer is 
equivalent to a "copy ones" transfer followed by a "copy zero's" transfer. 
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In order to copy a data word into a ACJ register, two outputs are actually 
required. Each k0 relay has a set coil and a reset coil, a set channel 
and a reset channel. The data is first output on the set channel, then 
complemented (i.e. , replace ones by zeros and zeros by ones) and output 
on the reset channel. For each "one" output on the set channel a relay is 
set, while for each "one" output on the reset channel a relay is reset. 
The two outputs occur under hardware lockout and are always done very 
close together in time (18 microseconds). 

1. Data word is output on set channel. 

2. Data word is complemented. 

3. Complemented data word is output on reset channel. 
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For convenience, the reset channel is always chosen adjacent to and one 
less than the set channel. 

After a four millisecond time delay to allow for delay setting times, an 
interrupt is generated to request another output. Within 5 milliseconds the 
second register will be output by the computer. 

Figure 4 is an illustration of the three dimensional nature of the A0 
address matrix. All of the relays in a given fourteen bit register have the 
same word address. In addition, the set and reset coils of a relay will 
always have the same word and bit address, but their channel addresses 
will differ by one. 

B. Circuit Operation 

Refer to 867C560 which is a diagram of the circuitry required to set and 
reset one particular C(l(ji relay, the coil circuits of which are a duplicate 
of the A(^ coil circuits. The address of the relay pictured is word 0, set 
channel 15 (reset 14), but 0. For simplicity only one relay and its asso- 
ciated driver are shown, so the following points are listed to place the 
diagram in its proper perspective: 

1. One relay is shown but there are up to thirteen other relays in the same 
register which can all change state simultaneously along with the one 
shown. There may also be many other registers. 

2. One set and one reset channel driver circuit is shown, but there are 
thirteen set and thirteen reset channel driver circuits not shown. 

3. Only one word driver circuit is shown, but there are as many word 
drivers required as there are relay registers per channel. 

4. The power supply switch shown is the only one required no matter how 
large the total number of relays, including both A(^ and CC(ji relays. 

It is recommended that the reader refer to the description of the WD, CD, 
A0 , and PS printed circuit modules before attempting to understand how 
thev work together as in 867C560. 
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The word and channel drivers use silicon controlled rectifier (SCR's) to 
"route" current to the particular relay being addressed. An SCR is simply 
a "switch" which is either closed to pass current, or open to block current. 
Once set, or turned on, an SCR will remain closed and pass current until 
something in series with it "opens up" and stops the current flow. Once the 
flow of current through the SCR stops, no more current will flow until it is 
again set, or turned on. 

To pick a relay, one word SCR and one channel SCR are turned on. Current 
will flow from the positive voltage supply through the word SCR, through the 
relay coil, through the channel SCR and through the power supply switch to 
ground. Current will continue to flow until the power supply switch "opens 
up", at which time current flow will cease and cause the SCR's to turn off. 

Suppose that the relay pictured is in a reset state, and it is desired to set 
it. The computer will output bit on channel 15 with word selected. This 
will cause the word SCR and the channel 15 bit SCR to turn on and con- 
duct current. Current will flow from pin HI through the word SCR and 
out pin X34. From X34 current flows through a cable which connects to the 
X-panel and through back-of-panel wiring to pin H17. Only one relay is 
shown but up to 14 relays arc connected to pin H17. The particular 

relay selected, and whether set or reset coil, depeads on which channel 
bit SCR is turned on. In our example the channel 15 bit SCR is turned 
on, so current will flow through the set coil, out pin L18, and back to the 
D-panel through the interpanel cable and into pin X35. From X35, current 
flows through the SCR and out pin XI. Tracing through the card edge 
jumper wiring, current flows into pin X9 of the power supply switch. The 
power supply switch transistor is conducting and completes the path to 
ground. As long as the power supply switch transistor remains ON, current 
will continue to flow. When it opens momentarily, current flow will cease 
and cause the SCR's to turn off. 

Having discussed the circuitry which causes current to flow through a 
particular relay coil, the circuitry concerned with timing can be discussed. 
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As was seen, all relay current flows to ground through a power supply 
switch whose function is to open up the current path at the proper time 
once the relay coll has been energized. The output of the power supply 
switch, pin X9, is normally at ground potential, while the trigger Input, 
pin X12, Is normally at +26 volts. If the trigger input pin is grounded, a 
time delay will expire, and at the end of the time delay the power supply 
switch output will momentarily open up. The output remains open for about 
110 microseconds, just long enough to cause the SCR's to reset. The time 
delay between the grounding of the input and the opening of the output Is 
adjustable by means of a potentiometer on the power supply switch printed 
circuit module. Also, when the time delay expires, an interrupt is gener- 
ated at pin XI 6. 

The trigger input to the power supply switch is grounded each time an output 
to a CCQi or A0 register is done. This initiates the time delay which 
expires, and then Interrupts the computer to request that another output be 
done. Each channel driver has a trigger SCR which turns on every time an 
output is done on that channel. The function of this SCR is to ground the 
trigger input of the power supply switch. In 867C560, the trigger SCR 
connects from pin X18 of the channel driver to pin X12 of the power supply 
switch. 

Following is a brief summary of the above: 

1. The computer does an output which causes a word SCR and a channel 
bit SCR to turn on. This allows current to flow through a relay coll. 

2. Simultaneously, a trigger SCR is turned on which grounds the trigger 
Input of the power supply switch. 

3. Four milliseconds later, the power supply switch opens up and causes 
all SCR's to be reset. At the same time, an Interrupt Is generated to 
Inform the computer that another output may be done. 

Adjustment 

Timing 

There is only one timing adjustment in the analog output subsystem. It 



11-10 



is the adjustment of the time delay between an output and the occurrence 
of the CC(^ or aC^ completion interrupt. The adjustment is made by means 
of a potentiometer located on the PS power supply switch printed circuit 
module. 

The adjustment should be made such that the time between the computer 
output and the generation of the completion interrupt equals 4.0 milliseconds. 

The adjustment can be made using an oscilloscope by observing that the 
interrupt is generated 4.0 milliseconds after the power supply switch trigger 
is grounded. 

If no oscilloscope is available it is possible to use the computer itself as 
a tool to accomplish the adjustment. This may be done by doing an output, 
and then incrementing a computer within the computer memory, with a 
stop command in the interrupt location. When the computer is started an 
output will occur and then the computer will stop when the interrupt is 
received. The accumulated count will then be proportional to the time 
delay between the output and the interrupt. 

The oscilloscope method is generally preferred since it can be done "on- 
line" without disturbing existing programs or temporarily shutting down 
the system. 

Voltage 

The output supply voltage must be set as described under the card descriptions. 
Also, series dropping resistors and zero suppression resistors may be added 
as described. The remote sensing feature available on some power supplies 
may be used to regulate the voltage at the taper pin busses rather than at the 
power supply terminals. 
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MULTIPLEXED CONTACT CLOSURE 
INPUT SYSTEM 



I. GENERAL DESCRIPTION 

The multiplexed Contact Closure Inputs (MPLX CCI) are used to Interrogate the 
status of process contacts. The multiplexing provides a low cost method of Interro- 
gating a large number of plant (or process) contacts. 

Figure #1 is a fimctiotuil diagram of a multiplexed CCI system that can accommodate 
a maximum of 7^ I mntncts. Each pair of CM relays are wired to two sets of 14 plant 
contacts. One Chaniul Driver (CD) card can drive 14 pairs of CM relays. The other 
side of the plant contacts are tied together to provide two final sets of 14 data lines. 
Each set of 14 data lines is wired to an individual Contact Buffer (CB) card. 
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II. SPECIFICATIONS 

A. Input Requirements 

Input is via +48 or +125 VDC being presented to the CB card by customer's process 
contacts being closed. 

A minimum of 10 milliseconds settling time is required for multiplexing and filt- 
ering. This 10 milliseconds is required for each group of 28 contacts in any block 
of 392 contact Inputs. The maximum scan rate is therefore 2800 CCI/second per 
multiplexed CCI panel. Since it is possible to get 2 multiplexed CCI panels, the 
maximum system scan rate is 5600 CCI/second. 

B. Power Requirements 

The +48 or +125 volts dc can be supplied with the system or may be provided by 
the user. The voltage should be no more than ilO% of nominal value. The cap- 
acity of the supply will be dependent upon the total number of Inputs to be supplied. 

III. CIRCUIT OPERATION 

A. General Instruction Format 

The selection of a particular 14 bit contact input word is organized on a one word 
per bit basis. For each bit in the CCI address word, there is a corresponding 14 
bit CCI data word. 

To bring contact inputs Into the computer, a sequence of two instructions is re- 
quired, an output followed by an Input. The output instruction which must be 
executed in the direct mode contains in bits 0-7 of the instruction word, the CCI 
channel address. The output data register must contain the CCI address word. 

Caution is required on the output command since selection of more than one out- 
put bit will cause more than one process contact register to present Itself to the 
input (CB module^ register. 

As mentioned before, an input instruction Is part of the sequence of instructions 
required to sample plant contact input status. The execution of an input instruc- 
tion in the direct mode with the low order bits of the instruction word specifying 
the input channel number will result in input data to the computer of the contact 
input data word addressed by the previous output Instruction. 

B. Interrupts 

If more than 392 process contacts are being used, a second multiplexed CCI 
system, wired independent of the first, Is used. 
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However, since only the first system will generate input request and output re- 
quest interrupts, the second group of 392 process contacts must be called for 
first, then the first group. 

C. Circuit Description 

Drawing 867C601 is a flow diagram of the multiplexed CCI system. 

If we assume that channel 40 is used to select the CD module, the CD module 
three winding transformer will be pulsed on pins L2 and H3, now if bit 13 was 
selected as the output bit, the SCR, Sl-1 will be triggered thus allowing the CM 
relay, 1VIA--1 to be picked. At the same time, the channel driver trigger circuit 
will be turned on and allows the power supply switch (PSS-1) to start its action 
(see 2PS1 description for details) and to provide an Input request Interrupt In six 
milliseconds. The six milliseconds is the time delay set In the power supply 
switch circuit (PSS-1) to insure CM relay contact closure/open and CB module 
filter charge /discharge time. 

With MA-1 closed, its contacts will close to a specific group of 14 process con- 
tacts. These process contacts will have either +48 or 125 volts on them depending 
upon the system. 

The isolation diodes on the CM module prevent sneak paths to non-associated in- 
put bits. 

The status of the contacts will determine whether or not this voltage is Impressed 
across the Cli module filter. 

If the voltage is presented to the CB module and if the input instruction is called 
for (Channel 'M . in our example) the information will be presented to the input data 
lines (here Bit 13: ID13 and IDR13). 

At the same time the information is sent to the input data lines, the CB trigger 
circuit will cause its SCR to be turned on. This will cause PSS-2 to turn on and 
one millisecond later, an output request interrupt will be Initiated to the I/O 
interface. 

When the PSS-1 and PSS-2 switches supply the interrupts, this also allows the CD 
trigger SCR and CB trigger SCR to be reset. See 2PS1 card description for de- 
tails. 

D. Panel Configuration 

Drawing 867C944 is a block diagram of the Panel Configuration. 

The maximum number of multiplexed CCI per X (or Q) panel, is 392. As 
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mentioned previously, a second group of 392 CCI is available. This will be 
located on a second X (or Q) panel. 

The X or Q panels will contain the CM modules, with the CB modules, the CD 
module and PS module usually located on a D panel. 

To use 392 CCI, it is necessary to have 14 CM modules, 1-CD module, 2-CB 
modules and 1 power supply switch. For the second group of 392 CCI, a dupli- 
cate complement of modules as used in the first group, except for the Power 
Supply switch. 

As noted previously, only the first group of 392 CCI will cause an interrupt. 
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E. Terminations 

Drawing 609B976 sheets 1 and 2 define the terminations available for the multi- 
plexed CCI system. 

Connectors J, K. L and M are the Curtis Terminal Blocks, this is the most 
commonly used type, however, these can be Rowan blocks which have the same 
terminal markings or they can be Elco connectors as shown in the drawing. 
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AlOl - ANALOG INPUT SUBSYSTEM 



GENERAL DESCRIPTION 

The Analog Input subsystem provides for selection and 
sampling of analog signals and for conversion of the 
analog signals to digital form in order to be entered 
into the central processor. 

The selection of an analog input is accomplished by a 
relay type multiplexer which connects the selected in- 
put to the analog-to-digital conversion circuits. The 
system is fail-safe against multiple analog point se- 
lection to any one analog-to-digital conversion circuit 
through the use of the analog trap and detection cir- 
cuitry. 

The analog signal is first converted into a frequency 
proportional to its instantaneous value bv a voltage to - 
frequency (V/F) converter. The output of the V/F con- 
verter is then counted for a period equal to one cycle 
of the power line frequency. By this method the noise 
components related to the power line frequency (which 
is the predominant noise) are integrated txi zero and, 
thus, eliminated. The t\pe of modules used in the 
Analog Input subsystem, and their interconnection, 
are shown on drawing 867C567 (P"ig. 7). 

The modules are mounted in the Analog Input Driver 
Panel ("A" panel) with Iho exception of the input multi- 
plexer modules (AP) which are mounted in multiplexer 
panels ("X" panels). 

The system shown on 867C,5G7 is the maximum svstcm 
which can be provided with one "A" panel. 

In actual application the size of the svstem is deter- 
mined by the number of analog points and by the num- 
ber of V/F converters used, 

SYSTEM SPECIFICATIONS 

Maximum Sampling Rate 

• ;)0 points/sec/V/ F converters used (in 60 cycle 
environment), 

• 25 points/sec/V/ F converters used (in 50 cycle 
environment). 



Input Imptdance 

• 5 Megohms on 50 mV range. 

• 1000 Megohms/volt on 5V r^nge. 
System Accuracy 

• 0. l7o of full scale on both ranges. 
Max. No. of V/F Converters 

• 4 (per "A" panel). 
Modularity 

• 14 inputs per AP module. 

• 224 inputs per "X" panel. 
Max. No, of Inputs 

• Not limited (determined by the number of word 
and channel drivers used). 

Multiplt Seltction Protoctlon 

• An analog trap circuit prevents the selection of 
more than one analog input at a time, per v/F 
converter. 

PRINTED CIRCUIT CARD REFERENCE 

3AC4 Analog Control Card 

4AP1/4AP2 Analog Point Selection Card 

2AT3/2AT1/1SR1 Word & Channel Trap 

4CD1 Channel Driver Card 

5CL1 Calibrator Card 

4CT1 Counter Module 

1PL4/1PL5 Phase Ixicked Oscillator Card 

3SB1 Span & Gain Card with Digital 

Input Buffer 

1WT)4 Word Driver Card 

CIRCUIT OPERATION 

General 



Hiput Signal Range 

• O-,-)0mV full scale (with -lOOO; to * 2001 over- 
range), 

• O-oV full scale (with -ino',' to • 120'i' overrange). 



The selection of analog inputs, the selection of gain 
and span connection, and the starting of the analog-to- 
digital conversion cycle is under program control. 

The analog input address is formed by a word, channel 
and bit. Note that only one bit should be set for each 
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analog address. If more than one bit is set, this will 
cause more than one analog input connected to the V/F 
converter to be selected, which results In erroneous 
reading. Also note that if more than one input is se- 
lected (2, 3 or 4 v/F converters are used) the ad- 
dresses should have the same channel and bit numbers. 

The words normally used for the analog Input selection 
are words 40 to 77. The channels normally usedforthe 
input selection are channels 17, 37 and 57 (channel 77 
is also available if less than four V/F converters are 
used). 

The analog addresses are assigned to the V/F conver- 
ters as shown in Table 1. 

For inputting the digitized analog value to the central 
processor, channels 16, 36, !)h and 76 are used (cor- 
responding to V/F conv. #1, n:'., f*:i and #4). 

The Analog-tu-Digital Convertei (ADC) bit pattern is 
as shown below. 

Analog Voltage '-i, of F ull Scale Input D ata (octal) 



-100 


30000 


-0 


37777 


•-0 


00000 


^ 100 


07777 


+ 200 


17777 



The same channels 16. 36, 56 and 76 m output mode 
are used to set the span and gain to the V/F converters. 

To compensate for absolute deviation of line frequency 
from 60 Hz, the system has the capability of adjusting 
"span" (frequency to voltage ratio). If, for example, 
the line frequency were to drop, the counter would be 
enabled for a longer period of time and the count would 
be too high. In this case the sjian must be decreased 
in order to correct the count. The span adjustment in 
effect decreases the slope of the V/F ratio line as 
shown in Figure 1. To checl< for frequency shift, a 
reference voltage from a calibrator card (CL) is read 
'jnder program control and the deviation is calculated. 



A deviation of more than 0.05% can be corrected. 

Bit 7 is used to reset the Span drivers, Bits 0-6 are 
used to select the required span. The span values cor- 
responding to each bit are shown below: 

BltO 0.05% Bit 4 0.8% 

Bit 1 0.1% Bits 1.6% 

Bit 2 0.2% Bite 3.2% 

Bits 0.4% Bit 7 Reset 

Since the V/F converter is offset 3. 2% in the negative 
direction, any span bits set are added to this value. 
For example: 

Data Word= 01000000 is a span of 3. 2% + 
(-3.2%) or 0% overall. 

Data Word=00011010=span of 1.3% + 
(-3.2%) or -1.9% overall. 

This gives a total range of -3. 2% to + 3. 15%. 

Bits 12 and 13 are used to select the gain, in the manner 
shown below: 



Bit 13 



Bit 12 



Relay Range 









No 


No 






Change 


Change 





1 


Ener- 








gized 


0-5 V 


1 





De-ener- 








gized 


0-50 mV 


1 


1 


Not Used 



Note that both the span and gain can be output in the 
same data word. 

The output of Bit 8 on Channel 16 is used to generate 
the READ TRIGGER signal which starts off the analog- 
to-digital conversion cycle. The analog-to-digital con- 
version cycle is automatic, controlled by the analog 
control (AC) module. 







TABLE 1. 


ANALOG ADDRESSES FOR V/F CONVERTERS 






Analog Words 


One v/F Conv 


Two v/F Conv. 


Three V/F Conv. 


Four V/F Conv. 




77-74 




1 


1 


1 




73-70 




2 


2 


2 




67-64 




1 


3 


3 




63-60 




2 


1 


4 




57-54 




1 


2 


1 




53-50 




2 


3 


2 




47-44 




1 


1 


3 




43-40 




2 


2 


4 1 
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Upon completion of the conversion cycle, an Interrupt 
sipial is generated (which is recopnizefl bv the pro- 
Krani) to indicate that the information is read\ and a 
new cycle can be started. The instruction sequence 
should be as follows: 

1. Read analog input value of previous output 
(Input on Ch. 16, .36, 56, 76). 

2. Output new analog input address and bii num- 
ber (Output on Ch. 17 or ,'57 or .^)7, Output word(s) ). 

NOTE 

If more than one oul()ut is selected (2, .'; 
or 4 V/F converters u.sed), the addres.'ios 
should have the same channel and bit nimi - 
bers. 

:i. Output span resit onl\ if resetLinn sp.in (iJul- 
(lut Ch. 16. Bit 7). 

I. Output span and gain it required (Ouipul ,m 
Ch. 16 ;i6, 56. 76). 

5. Oucput read iriggci (fnjtpul Ch. 16 Ha -i|. 

6. Wait for interrupt. 

7. Repeat sieps 1 to 6. 

Converting the Octal Printout to Decimal 

Table 2 allows the user to convert octal priiu.-uu, i 
the analog subsystem to decimal values. Con\crsel\ 
a known decimal value can be converted to octal for 
comparison with the printout. The arrow ( ^ ) in the 
table indicates the decimal point position. 

For example, take ocUil printout: 



760(1 


4.,'57.'",0 


600 - 


0. I6M7 


:!0 - 


0.029,1 


2 - 


0.0024 




4.87,54 Volts 



7000 = 


- 4,T. 750 


600 = 


4.687 


.10 


0.293 


■> 


. 024 




4h.7.54 Milli- 




volts 



76;!2 

.5 volt i-ing( 



or octal printout: 

7 6, '12 
50 mV 
range 



CIRCUIT DESCRIPTION 

The flou diagniii c.f the Analog hipul subsystem for uiui 
analog input point is .shown on dnuving .S(;7C56!S (Fig. «). 
1,'sing uiird 77. channel 17 bit for areilog point address 
and I'hannel Hi (or ininit and for span-gain control, the 
opeialinn of iIel- circuit is explained as follows. 

When uord 77 us .selected, the ) |is pulse of "M(i and 
(tlM «ill trig^;.! ihc •,\ord driver SCR. This will appl\ 

10 V to the cfiinnion leg of the relav coils on the AP 
card. 

When l)it [0\)(i{ii is a 'one" and channel 17 is selected, 
(ti6\6 and 00H7). both SCR's shown on the CD card will 
l)c turned on which will energize the point rola\ (1) 
and the guard relav (G) 
la\ contact tlu'n picks up the bus rela\' (B). 






The analog point is now connected to the V/F converter 
via the analog bus. 

The \'/ I cor.vt .tor ginerates an output pulse with a 
freqiienc\ proportion.'i'i to the analog voltage signal, as 
shoun in Figure 1 . 



TABLE 2. OCTAL TO DECIMAL CONVERSION TABLE 



OCTAL 


VOL 


TAGE 


OCTAL 


\"( 


u. 


TAGE 


OCTAL 


VOLTAGE 


OCTAL 


VOLTAGE 




5 \ 




50niV 




5 \ 




50 mV 




5 \ 


50 mV 




5v 


50 mV 


10000 


5i 





i 000 




oi 




1 




oi 


il » 6^4 




ni 


()♦ 0H5 


7000 


1 


■ ) 


750 


700 


.) 


♦ 169 


70 


( 


6000 


3 


7 


500 


600 


(1 


1 


6h7 


6(1 


li 


(i 5'M'i 


(i 





073 


5000 


,3 


1 


250 


,500 





3 


906 


50 





AXH 


T) 





061 


4000 


2 


5 


000 


400 


1) 


:; 


125 


40 


(1 


I) 391 


} 





01 9 


liOOO 


1 


S 


7.50 


300 





2 


:M4 


30 


(1 


29:; 


;; 





037 


2000 


1 


2 


500 


200 





1 


562 


20 





195 


o 





024 


1000 





6 


250 


100 








7K1 


10 





09H 


1 





012 
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NOTE 

The \nlues used in FiKuro 1 arc for 60 Hz 
operation. At 50 H? operation the following 
values apply; 

204.8 kHz Zero - 4096 pulses per 

cvolo 
40!). f, kHz - FuUscale 
611. 1 kHz Twice fuUscalc 



NOTE; 245.76kHz 
^096 PULSES 
PER CYCLE 




L ^ 1 


737,28 kHz 
TWICE 


y^\ 






FULLSCALE 


y^ [ 




X 


^ 


^ \ 




v" 

z 


491 52 ThT Zy 

FULLSCALE/^ ] 

\245.76kHz 1 
= ZERO 1 




-100 


4-100 


1 
+200 



FIGURE ;. ANALOG SIGNAL PERCENT OF FULL SCALE 

The sctlinp of the span and the gain of the V/F conver- 
ter is accomplished through the SB module. If bit 7 
(OnoT) is a "one" and channel 16 (f)|f)l(< , fiM6) is inter- 
I'opilcd. thi piiucr supph switch on the CL module is 
triR^^iTcd- w hich w ill turn otf the span driver SCR' s 
(in the SB module. The status of bits 0-6 (ODOO through 
01)i)6) uf)iiii intiii i)^;atinp, channel 16 will determine 
«hi(h span drniT SCR's will be turned on. The SCR's 
whicli conduct uill then energize the span relays in the 
\'/F conxcrtcr. 

Ihc .'Status ot bits 12 and 1.! (OD12 and ODKi), upon 
intcrrognting channel Hi. will provide signals to turn 
on or otf the gain I'lip-flop on the SB module. If the 
flip-flop is turned "on", the output of the flip-flop is 

'0 ' (PSC) uhich provides a current path for the gain 
rcl.n coil in Ihc V/F converter. 

Outputting bit ,H (ODOH) on channel 16 (SB card) wih 
provide a 4 ^JS pulse (READ TRIGGER signal) to the 
.1 11a log control module (.AC), which initiates the analog 

ininil sc(|ucnce. 

The timing signal lor the analog control circuit (AC 
module) is obiaimd from the phase lock oscillator 
module (PL) in the form of a 120 pps square wave, 
which IS phase locked with the 60 Hz power line fre- 
cjuenc\ . Note that a 50 Hz oscillator module is also 
available (refer to PL card document). 

Inimcdiatclv following the READ TRIGGER pulse (see 



timing sequence of AC module), the analog control 
circuit generates a RESET signal to the counter (CT 
module), and times out a delay to permit settling time 
for both the point, guard, and bus relays of the analog 
point (AP) module and the V/F converter. Then it opens 
the gate for the V/F signal enabling the COUNT pulses 
to the CT module. The gate is kept open for two cvclcs 
of the 120 pps signal, which is equal to one cycle of the 
power line frequency. 

Upon closing the gate, the analog control circuit gener- 
ates a trigger sigruil to the power supply switch on the 
AC module. The power supply switch then opens to turn 
off the analog point selection word and channel driver 
SCR's. 

The power supply switch delays closing to permit the 
analog point selection relays to dropout. Then, the 
power supplv switch generates an interrupt signal in- 
forming the central processor that the analog value 
(output of the counter CT module) is ready to be read. 

To input the contents of the counter, the digital input 
buffer circuit on the SB module is used. 

Interrogating channel 16, the signals on the input data 
lines (IDOO through ID13) will be dependent on the out- 
put of the counter (ICTBOO through 1CTB1,'3). The in- 
terrogating 4 us pulse is transmitted to an input data 
line only if the corresponding counter output line is a 
"one". 

Reference voltages from the CL module can be connected 
as analog inputs for drift correction purposes. 

The CL module also accommodates four RTD bridge 
circuits (onlv one shown on drawing 867C568) which can 
be used for measuring the cold junction box temperatures. 
The outputs of the bridges have to be connected as analog 
inputs. 

Analog Signal Conditiontrs 

To obtain the analog signals in the required range of 
the analog-to-digital converter range (0-50mV orO-.'JV), 
or to eliminate other than line frequency component 
noise, the following signal conditioners are used in the 
analog input systems. 

RTD Bridges (Using 1.5 volt power supply for RTD' s) 



RTD Resistance Span 


Ol-J Part No. 


2-7 


ohms 


610B249 GO 5 


2-12 


ohms 


610B249 G0;5 


2-22 


ohms 


610B249 GOl 


7-12 


ohms 


610B249 G06 


12-17 


ohms 


610B249 G07 


12-22 


ohms 


610B249 G04 


12-32 


ohms 


610B249 G02 


17-22 


ohms 


610B249 G08 
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RTD Bridges cont'd. 

RTD Resistance Span 

20-70 ohms 

20- 120 ohms 

20-220 ohms 

70- 120 ohms 

120-170 ohms 

120-220 ohms 

120-320 ohms 

170-220 ohms 



i^J Part No. 

682B420 G05 
682B420 G0.3 
682D420 GOl 
682B420 G06 
682B420 G07 
682B420 G04 
682B4l:o G02 
682B420 00*^ 



bRTD 




TO 
+ RED6 '^'^^p^ 6-BLACK 



^(+) 



1 5V0LT 
PS. 



} 



FIGURE 2. RTD BRIDGE SCHEMATIC 

Current to Voltage Converter (For 15 volts fullscale 
for the following current ranges:) 

Current Range Dropping Resistor '^JPart N o 



1-5 


ma 


1000 ohms 


610B2-:6 GP3 


2-10 


ma 


500 ohms 


610B246 G04 


4-20 


ma 


250 


ohms 


610B246 Gfl 


10-50 


ma 


100 ohms 


610B246 G02 


200-1000 


ma 


5 ohms 


610B24r, GO 5 


0. 227-1. 135 


ma 


4400 


ohms 


610B246 GOfi 


0. 333-1.665 


in a 


3000 


ohms 


610B246 G07 


CURRENT ! 

IN 1 

1 




• 




1 VOLTAGE 
1 TO ANALOG 
1 INPUT 
1 

A 


^ : y 



FIGURE 3. CURREHT-TO-VOLTACE CONVERTER SCHEMATIC 

\' ollat;c nividers - To reduce voltages greater than 5V to 
the 5V range in the following ratios: 2:1 ( (^ 682B683G01), 
1 1 (V^ (i^2B683G02), 8: 1 ( CS) f,82B683G03), 16:1 ((S^ 
682B683G04). 

I 1 

^ 

I DIVIDED 
VOLTAGE 
I TO ANALOG 
I INPUT 



(2) VNA^ 



HIGH ' 

VOLTAGE ! 

IN 



<fc 



:^ 



FIGURE 4. VOLTAGE DIVIDER SCHEMATIC 



Low Voltage Filter (Time constant = 1 . 32 s for 0-lf>0 
MV signal, «No. 682B685G01.) 



(§— ^WV 



^ 



SIGNAL 




FILTERED 
-^ ^ i SIGNAL TO 

"^ 'T^ I ANALOG 

I INPUT 



FIGURE 5. LOW VOLTAGE FILTER SCHEMATIC 

High Vo ltage Fi lter (Time consl.uit - ].'.]'> s for o-fi\' 
signal ^^ No, 682B686G01.) 



I 

NOISY I 
SIGNAL I 
IN , 



(^-^^VW 






^ 



X 



, FILTERED 
' SIGNAL TO 
I ANALOG 
I INPUT 



:i> 



FIGURE 6 HIGH VOLTAGE FILTER SCHEMATIC 

Each signal cnndilioner :s an inrli\i<lu:ill\ encapsulaled 
block and moanlcd on the analog :npul half-shells 
adjacent to ihf terminal strips. Facli aruildg input 
requiring special conditioning is ecjuippcd with ihc 
appropriate block, 

ANALOG SUBSYSTEM LOGIC PRINTS 

The following prints are included at the end of this duru- 
ment to show the logic connections of the c irds used in 
ihe A-Panel. The number in the upper rii;ht hand corner 
designates the location of that card in the A-Panel. Also 
included are the Analog Trap cards which can be located 
in any panel. 

These prints arc shown for a maximum (t convci'tcrs) 
system. Less cards ma\ be used for smaller svstems. 



Li >gic Descript io n 

Ph;iS(' Lock Oscillator 

.Analog Control Card 

Calibrator Card 

#1 Span & Gain w/ Buffer 

f 1 Counter Card 

#2 Span & Gain w/ Buffer 

*2 Counter Card 

#3 Span & Gain w/ Buffer 

#3 Counter Card 

#4 Span & Gain w/ Buffer 

t>4 Counter Card 

Ch:innel Driver (17) 

Channel Driver (37) 

Channel Driver (57) 

Word Driver (40-57) 

Word Driver (60-r,7) 

Analog Trap 

Summing Resistors. 



Figure No. 


Drauing No. 


17 


^f;7C291 


18 


Hf,7C292 


19 


Hr,7C29:i 


20 


X67C294 


21 


sfi7C295 


22 


867C296 


23 


S67C297 


24 


sf,7C298 


25 


.■<f)7C299 


26 


8fi7C300 


27 


H(;7C301 


28 


HR7C302 


29 


8G7C303 


30 


M67C30) 


31 


867C305 


32 


867C30R 


33 


H67C994 


34 


^fi7C995 
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CONNECTORS AND TERMINATIONS 

A-Panil Conntetors 

Drawing 774A717 sheets 1 and 2 show the connector 
breakdown on plugs A21-23 and A22-24 (Fig. 9 and 10). 

X-Panel Conntetor Briakdown - AP Optian 

Plugs 21 and 23 are wired in parallel as below. 



Plug 25 is wired as below- 



liiick Panel 






To :i: 


". Pin El.CO 


Wiring 




,56 Pin 




on Chan. Driver 


(AP Card) 


ELCO 


MNEMONIC 


on A 


-Panel* 


HJ 




W 


AIRO 


,T.5 


- .'U 


n;i 




X 


AIRl 


::;) 


- :!2 


lit 




Y 


AIR2 


;)i 


- no 


n:. 




Z 


AIR.-i 


29 


- 28 


H6 




a 


AIR4 


27 


- 2fi 


117 




h 


AIRfi 


2.'") 


- 24 


IW 




c 


AIR(i 


23 


- 9 > 


H'.l 




d 


AIR7 


21 


- 20 


Hill 




U 


AIRS 


1 I 


- v^ 


1111 




1 


AIR9 


12 


- 11 


111-' 




m 


Aiiun 


10 


- !l 


II 1.1 




n 


AIRIl 


K 


7 


III 1 




P 


AIRH 


fi 


- .'■. 


111.-. 




r 


AIRl.T 


1 


;1 


iiir, 




t 


nilSRY 


ir, 


- IS 



•Could be slot A12. l.l or 14 
depending upon channel to be used. 



Plugs 22 and 2-1 are wired in parallel as below; 



liac 


k 


Panel 










Wii 


in 


V- 










l\P 


' C 


ard) 










Car 


d 




,56 Pin 




;i,5 Pin 


ELCO 


.Slot 




Pm 


ELCO 


MNEMONIC 


WD Card 


1 




H17 


A 


WT)60.40 


35 - 


:m 


Z 




H17 


C 


^061,41 


31 - 


:io 


W 




H17 


E 


WD62.42 


27 - 


26 


1 




HI7 


H 


WD63,43 


23 - 


22 


.-) 




H17 


L 


WD64.44 


15 - 


16 


r, 




HI7 


N 


\VD65,45 


11 - 


12 


7 




HI 7 


R 


WT)66,46 


7 - 


H 


S 




H17 


NN 


WT»67,47 


3 - 


4 


'.J 




H17 


LL 


WD70,50 


33 - 


32 


10 




H17 


JJ 


WD71,51 


29 - 


28 


1 1 




1117 


FF 


WT)72,52 


25 - 


24 


IJ 




H17 


CC 


U'D73,53 


21 - 


20 


\:\ 




H17 


AA 


WD74 , 54 


13 - 


14 


11 




H17 


V 


UT)75, 55 


9 - 


10 


1.") 




H17 


W 


WT)76,56 


5 - 


6 


ir, 




H17 


T 


VVD77,57 


1 - 


2 



56 Pin 






ELCO 


MNEMONIC 


A 


Plus 


(n) 


B 


Minus 


(n) 


C 


Guard 


(n) 


E 


Plus 


(n) 


F 


Minus 


(n) 


H 


Guard 


(n) 


L 


Plus 


(n) 


M 


Minus 


(n) 


N 


Guard 


(n) 


R 


Plus 


(n) 


S 


Minus 


(n) 


T 


Guard 


(n) 


Tarmlnitions 







DestJnat'o.'i 
(AP Card) 

L2 Slots 1 - 
L3 Slots I - 
L4 Slots 1 - 
L2 Slots .S - 
L3 Slots .") - 
L4 Slots .^> 
L2 Slots !.' 
L3 Slots f) 
L4 Slots !) 
L2 Slots 13 
L3 Slots 13 
L4 Slots i:) 



M 
12 
12 
12 
16 

K. 



Drawing r)0939"9 sheets 1 and 2 show the analog inpn'. 
standard termination scheme used on TJC (Thermal 
Junction Box-Cold) (Fig. 11a - h). 

Drawing 6828689 sheets 1 to 3 show the analog inpiil 
standard termination scheme used when there i.s no 
T,JC (Fig. 12a - c). 

The following drawings show the recommended analog, 
input termination schemes for each tvpe of analog Inpu 
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FIGURE 7. A/( SUBSYSTEM* BLOCK DIAGRAM (REF. DWG. 867C567, SUB 3) 
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FIGURE 8. A I SUBSYSTEM FLOW DIAORAM (REF. DWG. 867C568, SUB i) 
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FIGURE 10. A-PANEL CONNECTOR BREAKDOWN ■ A22-24 (REF. DWG. 774A7/7, SHEET 2) 
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FIGURE lib. TERMINATION SCHEME ■ THERMAL JUNCTION BOX-COLD (REF. DWG. 609B979, SHEET 2. SUB 4) 
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FIGURE 12a. STANDARD TERMINATION SCHEME "MITHOUT TJC (REF. DWG. 6826689, SHEET 1) 
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FIGURE 12b. STANDARD TERMINATION SCHEME WITHOUT TJC (REF. DWG. 682S689, SHEET 7) 



CO 

I 



FRONT ^,£t\j O'^ mA^L 



LOCAT/OAJ 





Wi 
























~~^ 


~^ 








n 






































§ 


* 


fc 


^ 


5: 


^ 
qP 




IN 


^XJ 


5P 


^v 


^ 


Va 


•»■ 


t^ 








•^ 


y. 


^ 


14, 


ti 


*^ 


Q 


«*. 


'X 


■i 


V 


4 








* 


$ 

^ 


? 


1 


> 


^ 
^ 


$ 




^ 


1 


K 

^ 


1 


f 


1 


1 








1 






K 

% 


f* 


;? 


;* 
^ 

** 




P» 


r: 


li^ 


i 


% 


W1 




> 


:2 


\ 
^b 


3 


J 


1 


^ 

* 


* 
* 








1 


^ 

^ 




S 
^ 


_i 




S 


s 

5 




\J 


■^ 


<\j 


::; 




'^ 


'I 


^1 


4. 


(1. 


fi 


Ci 


(i 


^ 


!! 




:i 


3. 


^ 

^ 


s 


c 




t 




Ll 


^ 


> 

1 




5^ 


-2 






14 4/ ^/>? ^P CARD 
224 ^I Pfff -t • P/i\£l 
CA&-F -UJOa^J/? M30h ..V MJ J OA M4S.r£,p SAfflF .\Of X 



/V ^irf R£SP/lV£D 
•^OP P^RAt_L£L. 



A 




*/ 


a 


- — 


E 




F 



ppo/vr . 



CAS 



PflSf^FPfPFD P^A/FC -r£flM ^SS/(jA. 






7fPAl'A/4L 
70N£3^'* 



■^£R\1/\'Jt 
I(M.'£ SiG 



7£P^)//VAl 
TOW T'^fi' 

(£) 



fi!E*P OF CAB. 



1 


or 


1 

1 > 




? 


1 




^ 




1 


1 


^1 


K 


a 


^ 


(V. 


5 


■^ 
5 




!i 


i 


i 


vs 




-X 


N^ 




"O 
/' 






=^ 


•>» 


Vn 


\; 




Is, 




^^ 


■Nj 


r 




^■- 




^ 


.\ 


^i 


V) 






•o 




■'o 


-y 




« 


V 




^ 


* 


\ 


V 


V 


. \ 


■y 


S. 


1 


o 


^ 








'^ 


V 


^ ■ 


$ 


•Nl 




% 






fy- 


^ ■ 








■\l 


-,^ 












\ > 












■ 




1 




\ 


J 


^" 




Cg 


Ti 




> 


^ ■ 


s 


t 




*: 




, V, 


-c 


* 


'\ * 


^ 




t 


^ 




^ 
^ 


4 


■■-; 


'V 


cv 








(■» 


<i 




^-^ 




* 


eH 


^ 


J^ 




-^ 


't 








































!^'> • 
















~ 




~ 


S 


^. 


<;^ 


- 


\ ■■ 


•-. 


T* 




^ 


Vi 


K 


•' 


7^ 








N- 




-1 


V 






■« 

v' 
> 

^ 


(\r 


"n 


n 




'J 






w 


^^ 




^Xi 




■v! 


C\j 




■^Vj 


.jjl 


31 


S 


LS 






i^ 


S 


^ 




5^ 






'^SlE Dc 






/?f4P , ^(V •'T ■^^■M AP£A 



ryp/CAL SLOr T£PM /^PP4/vG£'^1FAT 



CA PD eOQE i 3S ^/ /V £lCO) C O^f^PCTOP ^OeA/r . 

SFf^eiiAL 'yp/CAt 

\ 
CARD 



SLOT 



J,4 P2(^- 4AP» - 7S 



^LOCAT/ON OF OrPFP £ND CF c/iacs 

^CABie ASS y yyPF 

''ANEL LOCAT/oM 



CPA/FPAl 



/DFNT. 
^yP/CAL 



i-^)(-n)(-r,)-(J)fjK n)4P(/jr-r) 0£ 26 U(J/^ /•* ) APT 



GcVEPAl. TyP/CAL 

,'./,' . I) i-ny,) P03F13 OP p/ePij/e, 



uKAryoA 



LOCATION OF OT»FP £A/0 OF 



^':Aaie ass'y type 



CABie 



't£ 


,5 


'4 


3 


,2 







3 


8 


7 


t 


1 


4 


3 


2 


1 


lb 


5 


14 


li 


iZ 




lO 


9 


e 


7 


<o 


s 


4 


3 


2 


1 



S-CT 



T 



OPDEf? 



mMi? ^^jP5/ 

A 



/ST PAJi - -<'/>» P/VL 



WOPD 60 0P40 -' 
l.TrPfH^ '^2f^O PAL 



PAA/El BU'LD-UP oROFP 



a. 



F/GURE >2c. STANDARD TERMINATION SCHEME WITHOUT TJC (REF. DWG. 682B689, SHEET 3) 
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DRAIN WIRE TO THE GUARD 
SHIELOrTERMINALS J9 Jl6 tK9-Kl6, 
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F/GURE I3f>. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B684, SHEET 2) 



CO 

1 



00 



THERfAXOUPLE GROUNDED ''< PLAMT NE/^R ; 
AND/OR MULTIPLE PVMR ShiElOCD LEADS 



PRETERED 



eNSOR 



CONNECTION HEAD 
^|i (Tip USED) 




ALTERNATE GRO IF CLOSF TD 
WELLfSEE PRECAUTION Na 3) 
DO NOT GROUND OR JUMPER 
AT HEAD AND BOX 



'■iQTeI -SHEF'^S op this DRAAiiNG APe 
IN ORDER or PPErHRErjCE . 



SHEET i-G«OUNDeC AT SEtjSOR, 

INDIVIDUALLY 5HIE;-DBD PWR LEADS 

GROUNDED IN WEL^ 
SHEET 2-GROUNDED AT SENSOR, 

MULTIPLE FAIR SHIELDED LEADS. 
SHEET 5-GROL»4DeD IN PLANT MEAR 

SENSOR AND/Of? MULTIR.E PAlR 

SHIELDED LEADS. 
SHEET 4- UNGROUNDED IN PLANT, 

iNDiviDuALLV Shielded bmr leads 

SHEET 5- jNGROJNDED IN PLANT, 
MULTIPLE PAIR SHIELDED LEADS. 



pr^cautiom^;|apply only to a 

GfiOUP OF INPUTS64)ASSIGNED TD 
A SINGLE APCARtVHALF SHELL. 



1 DO NOT MIX GROUNDED AND 
UNGROUNDED T/C 

? DO NOT MULTIPLE GROUND Mf< 
SHIELD DRAIN OR SENSOR WIRE 

3.J4LLT/C AND SHIELD DRAIN 
WIRES OF THIS GRDUPCw) MUST 
BE GROUNDED IN PL^NfT TO 
LOCATIONS WITHIN 5V DC/RMS- 

4CONNECT ONLY WK SHIELD 
DRAIN Wire TD THE GUARD 
SHIELD (TERMINALS J9-JlStK9H<l6) 



HALFSHEU 
TERMINAL 

SCREW 
NUMBERS 

ANAUX 
P.NNUf«I5M^ tt tt 




AA AA AAAA 

X >c X >< X XX 



tt 



GUARD SHIELD 



THIS HALF SHELL (Terms J tK) IS in a cold junction ' 

'sex and serves one AP card OF 14 lNPUTS<Bn5 0-l3i)' 
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FIGURE I3c. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B6S4, SHEET 3) 
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THERMOCOUPLE UNGROUNCFC <N PLANT 
iNDiyiDuALiY 5HIELDFL Fair lFADS 



, ORE! EPED 



51 

a"! 

a ' 

<l 

(Tl 

^1 
Pl 

3' 
HALF SHELL 

TE Pf^'.KjAL 

^CREW 
NUMBERS 

H^iNT CARD i "f i r 

PlNMJM8ERst-t t-t 



Nonj Sheets of this drawing are 

iM ORDER OF PREFTRENCE . 



SHEET I- GROUNDED AT SENSOR, 
INDIViDUAllV SHiELDED PAIR UEADS 
GROUNDED IN WELL 

SHEET- 2 -GROUNDED AT SEM90R , 

MULTIPLE WlR SHIELDED LEADS 
SHEET S-GROUNOED 'N PLANT NEAR 

SENSOR AND/t)R MULTIPLE PAIR 

SHIELDED lEADS 
SHEET 4-UNSROUNDED IN PLAWT, 

■NDIVID'jALLY SHIELDED PAIR LEACS 
jHE FT 5- UNGROUNDED IM PLANT; 

MULTIPLE RAR SHIELDED LEADS 



PRECAl^TONS;! APPLY ONLY TO A 
f:*?OL.P OP INPLnSCl4)AS9eNEDTD 

A Single apg^rd/half shell. 




1 DO NOT MI)C GROUNDED AMD 
UNGROUNDED t/C , 

2 DO NOT MULTIPLE GROUND ANY 
SHIELD DRAIN OR SENSOR 
WIRE . 

3 DO NOT GROUND T/C OR DRAIN 
WIRES IN PLANT. 

4 CXDNNECT ALL T/C AND 
SHIELD DRAIN WIRES TO THE 
GUARD SHIELD fT-ERMINALS 
_r3-JI& < K9-KI6) 



AA 
■<t- \f] 



iPIN I 
IElCO' 



Uj 
Q Uj 



I J )ARD 



T-.i3 kJALF SHELlfTFRMSJ<K) IS IN A COLD jL^rCTlDN , 
SHIELD '^"^^ '^^'^ SEPv'ES TME Ap .CARD OF 14- INPUTS(SITS O-i^; 
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FIGURE 13d. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B684, SHEET 4) 
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THERMOCOUPt-e UNGROUNDED IN PLAMT 
MULTIPLE OMR SHIELDED LEADS 



HEAD 



COMPUTER 

CABINET 

3ROUND 



HALT SHELL 
TEfWIf^L 

SCREW 

NUMBERS 

ANALOG 
POINT ^ "? 
CAf?D PIN T r 
NUMBERS 







NOTE 



SHEETS OF TVIS DRAWING ARE 



IN ORDER OF PREFERENCE. 



SHEET 1- GROUNDED AT SENSOR, 

INDIVIDUALLY SHIELDED RMR LEADS 

GROUNDED IN WELL. 
SHEET 2-GPOUNDED AT SENSOR , 

MULTIPLE PMR SHIELDED LEADS. 
SHEET 3-GROUNDED IN PLANT NEAR 

SENSOR ANDA3« MUCTiPLE PAIR 

SHIELDED LEADS. 
SHEET 4- UNGROUNDED IN PLANT, 

INDIVIDUALLY SHIELDED BMR LEADS 
SHEET 5- UNGROUNDED iN PLANT , 

MULTIPLE OMR SHIELDED LEADS . 



PRECAUTIQNSi APPLY ONLY TO A 
GROUP OF INPlJT56«)ASSieNED TO 
A SJNGLE AP CARCV'HALF SHELL 



1. DO NOT MIX GROUNDED AND 
UNSROUNDED T/t . 

2. DO NOT MUITIFLE GROUND ANY 
SHIELD DRAIN OR SENSOR WIRE. 

3 DO NOT GBOUNO T/t OR DRAIN 
WIRES IN PLANT. 

4 OONNeCT ALL T/C AND SHIELD 
DRAIN IMIRES TO TME GUARD 
SHELDCtERMIN ALS J9- JI6 tK9-M6| 



O 

CD, 



•f ^ 



A A A A A A 

■^ in ifl r^ CD ^ 

XX XX XX XX 






[TWIS HALF SHELL(TERM5 J4k)iS IN A C£>lD JUNCTION ' 
^tjAffff SHIELD I BOX AND SERVES ONE AP CARD OF A INPUTS(8nS0-l^! 
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FIGURE lit. THERMOCOUPLE INPUT CONNECTIONS (REF. DWG. 682B6B4, SHEET 5) 



KTD G/X:UND£D M PLA/^T, AD/i'/OO^LU SA^/ELDED P^ 'f If ADS 

I in 



GO 
I 
to 



sc/^ftv 



fO/ATT 

CARD f^A' t - 
NUMBEKS 




fwQTE A\SHeE72 Jf TA'/S a9AW/MS AAf 
//V 0/?0F/? OE P/?EF£RE/^C£. 



SHEET /. SPOONDED /N PLANT, 

IND/i^/DOAlLySM/ELDED /»//? LEACS 
SHEET 2 OfiOU^DED //V PUWT, 

Multiple q^ii? s/~ /elded leads. 

i^ MEET 3 M'^hW iflLDED />V PLAf^T, 
I^DIV/DUAL I > :.V£L/iED P4'P:_EADS 

SH££7'f UmRJUNOED Ih Pt4A'^ 
MULT/PlE f^/P SHIELDED LEADS 



NOTE B\- .'^TD SP/LXjE S MOl'A/TED 
WD uV/PED TO 
liV '^ACTOPY. 






PPECAur/cuvs ■• j /vn.y o/vly ro A 
'GJHOUP OP /MPt/rs(/4)ASS/QNED TV 
A S/NQIF AP CARD/ HALF SMSU. 
AND A COMMcyJ fTTO RjMEP SUPPLY. 



: DO fVOT Afiy (^OOM)£D AW 
DA/SPOtUVDED SEASOPS. 

2 00 A/OT MOLT/PLE OPOVND Af^Y 
SUiELD DPAIN OP SEACSUP LEAD 

^iffE 

3 ALL -^L^A/T ^VOfVDS 01^ ~^'S 
.i/^0L'P('/4) Ut^r SE tV/Tf^/N J 1/. 

PMS/OC ,V T/EO ro A S'A\jiL£ 
liROOND ^O/^r 

4 COAtiVECr EAC^ CABLE L>H/S W'PC 

TO rn, SE'VSOP ^^XJfllD. 

5 :, WMECT i. WL > aVE dABLE OPA,\ 
IVifE TO r^£ OOA/W :,<VELD 



i*yc-rL> P>VPi-)t~ 



U-i. 



' tr tt tT tt tt \\ 

5 I— i -^ i'jAPO S^/eLD 



^~4 'i'^ Sj^ ^5; Cl ^^ $■? 
tf ft TT tt tT 't't t'^ 
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FIGURE l4o. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET V 



I — IT 






SM/eiD£0 ^£A£iJ 



W OPDeff OF P/V£FEf^eA4C£. 



LOCAL JUNCTION&^,:ti 



5H££y /■ SfiOiWDeO M Pi ANT, 

IND/V/DUALLYSHi£tCi£D PVfi i£4£S 
5HE£T e GKOUNOeO /// RANT, 

MULVPlB f»ll! »/£lCeO LEAPS. 
SMFfTjI. IM/aifOUNDeD W PLANr, 

If^OIWDUALLY S^/EOX'D m/fi l£A05. 
SHE£Tt.UmKOOfHOED m fitAA/T 

MUL77PL£ m/f? S»I£LDED LfADS. 



NCTE 8\ - /?7Z? aP/D(3£ /S MOOVTED 
(y/ MjIIj^ SHELL MO W/REP TO 
T£f(MIAJAL SCesnS W FACnVlY. 



09 



to 
to 



HtLFSMfLL 

7BRM/NAL 

SCPfH/ 

NlJ^t30fS 

ANAiOi 

CAfiD PTN 
MUMBEKS 




NOT£ A\SH££75 OP 7W/S DfAIV/AG Af/e 



Pff£CAUT7<y/^ -i AffJ-y ONLY TO A 
Q/aUP OP /APurS(/'¥)ASSIGt^D TO 
A S/NOie /f CAPO/HAlf SMeU. 
AND A COMMM /TW fOAeR SUPPLY. 



I. OO M3r A4iy QPOU/VDEO AND 
IMG/iOUNDeD SSAISaPS. 

2 00 Au^r Mua-fpte GPOuM /*vk 

SM£LD DPAIN OP SBMSOP l£A£> 
3. ALL PLANT Q/^ONOS Of T7//S 

Qj(0iJp(?4) mlst £t£ tvrrf^N J t/. 

RMS /DC Cfi T/££) TO A SW(ii£ 
QOXIND PO/NT. 
4 COI^eCT EACN CABL£ ORA/N Wt^ 

TO py s£:vsop aexiND. 

Sa)NAI£CT aVLY ONE CABl£ OPA/N 
W/lf£ TO Tf^E GOAeO SM£U) 
Cr£/!M/NALS /ir/^f(2). 



VH v5 \N v»s '^'^ ".2; ^■i^ ij'i; 

Utt tl* tT tT tt tt ft 
^ SUAPO SUfE-LO 
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FIGURE Ub. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 2) 



/fT/? i^:'VGf<OU/^DF£i /N PcAA/r, 



to 

03 







//V O/iDFff OF P^EFFf^FACF. 



SFE 



>MLF MFlL 
7FFM,W4i 



CARD F//V 11 ^'^ !•]■ n j^r i>r |> hf 

NUMBERS Li ^ 5t,4#^ S^,piO 



SHEET /. SPOU^DFD W PLAf^T, 

IND/V/DU^llYSMFLDFD f¥UP LE/V3S 
5HEFT e ■^mMDFD //>/ RjWT, 

MULVPlE f^lff SHIELDED LEADS. 
SHEETS U^dKOLif^DFD W PLANr^ 

INDIWDUALLY ^'MELDFD F»iP LFADS. 
SHE£T4.U^aROU/\/OED m PlAAiT 

MULT/PLE f^lR SNIFLDED LFADS 



N OTE B\ - f^TD aP/D(j£ /5 MOOArTED 
■yj ^^^F S»EIL WD mPED TO 
-TE^MWAL SCPFt\S //V PACTOfi^y. 



PffECAur/(yvs:\ Affiy cv/Ly -rn A 

OfiOUP OF /APursO-^ASS/Gf^EO TO 
A S/NGie AP card/half SM£U. 

AND A COMMON prv fonex supply. 



f.OO /VOr Af/y CAOOADEO AND 

UA/G/fOUf^DeD SFAISt>?S. 
2 00 /^OT MULT/PLF GROUND ANY 

SMELD DRAIN OR SEAJSOR LFAD 

^ifiE. 

3.W A'Y'r ff/?io^m C4SIF 

PR't/z^S //V FUAA/r 
'fCO.'V^FCT fAC^ CABs^ />AA/N 

W'Pte TO /rs f^TD 

S CO.V^'^ECT OA/iy OA/E CASJ-E 
FiR'\ V iV/RE 70 7»E GOAI^O 
5ft!E-D (rEfiMi^A^s '^/^ r2) 



«al 



■» 



\k ..n 3}^ ^S^ S;5 *^ 






'K.KK.'JJ-J'l 
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ft rt 
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5ib •"/A' 
I FLCO 



^ f^AHALLCL .?'-'T/0/\/ 



FIGURE Uc. RTD INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 1} 



/rro oiVMocMa££> w /i^/^r, /ii}(/ir/px£ /='a//? s/^jsose ^^Aps 



I 
to 






HHLFSMEU 

scfieiv 

AMAtSBVS 






//V ORoeff OF PfiEFEffeA^cs. 



sH££r /. sPouNoeD m plant, 
iND/v/aMLLYSMiei££D m/fi ieak 

SHEer g GROUNOSi M plmt, 

muctiplE f^iif s^ieiDeD leads. 

SHEET 3. U*/&f^0UND6D 'N PLANT, 
INOmOUALLY CWEIDED F»^ LBA05. 

gne£7*UNGfiouNDeD in HM/r 

MUiJiPLE »VfiSM£LDED LEADS. 



/m> af»o(3£ s AtoovTED 



ANAOK 
RWfT 
CAflD PW 
mjMBEKS 




MOTE A Sf^£ers or 7W/5 WAINIMi Af/E 



PH£CALmCWS:\ AP»y ONLY 70 A 
'GfiOUP~3FW^{/'^ASSlGtteO -TV 
A S/fme AP CAIKl/H4tf SHCU. 
AND A Ca*fAOV RW R»Bf SC/PPLY. 



I. DO AJOT Ml/ QAOUND£D AND 

UflJQfiOUNDED SfA/SOK. 
2 00 mY MUir/Pl£ GMIMD AHY 
SUiELD D^SAM Off SeABOK l£AD 

WifiE. 

3-0) Mr CVmW CABiS />9i/4fS 
/A/ /JiAjVr 

4m//i/ifr fActf cABiE^ fifwfj 

i!^ CM/^^cr afi/Ji/ oMe CA&is 
OAAIN A///^e TO r?^e Gi^Af^D 
9tf/B^DCTeAfMWMS X/fA^X) 

SjO/AfEfi Kl TO t^X. 



U 



in't in-» K<b 0.5 i^J" 

v5 H*. v?; vv SiS; 
Tt t'f tt tt ft ft tt 
— ^ &UAfio s^ecO 
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F»Cl/RE I4</. KJO INPUT CONNECTIONS (REF. DWG. 682B687, SHEET 4) 
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3£B p/racAcr/a/^ /% 3 
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S£S P»£CAC>r.^,\ ,'\Jo S' 



A A /A A ^ A A \ \ A \ 



CA^D p/n\\ n t[ n tt rr \\ rt 






■J 
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J ^ -.. ■ Vy , 









L£40S . 

Sf^ffTs.^tVGmoAiosi, /. Plant ^ 

',v^>'^'^Az^ <^/£ir'S) ^:^/p lbuds. 
s»E£y 4 LA/3/?octjaei? ;\ p/^/Vt^ 

'•J0''£ B \ SS/J^L -£/^L^'r,CA'£*S ^a£ 
'* ^</0£i^ - S,UVAl AiU*fS£'>. 0£ 
£> £££S A/D Sys^^t-f feANGE . 

",i "J. ■ ..hnt AM n//¥£ "c 
^.5/?/V//v-;^ s\i££nc^ //V PAC/a<} , 



V 1 \ 
ti If, 



\ \ 



i rr 






1 1 [1, ,! u ^ 
j.| ^f ,j.j: l>^ f f |T> ^ 



''y^OUF OF /A'Pa:rsf4)AS3"l'^£0 7D 
A S^A'd/P APCAffD/pA/^P •P£l£ . 



I. DO MXr M/X &POO/^0£0 AlAfO 
LW3£0UU0eC ^^A/SM^ . 

2 CO A/ar Moil.T/Pl£ OPOUA//) AA/y 
SMPlV DPA/N aP SPA/£o/f J.£AD 

3 ALL P/J^KT (?p>OUA/D5 OF PMS 
GROUP ('-^ ) Afi^sr 3e W^F^J/V 

3 V.mS/DC O/? -r/^D TO A 

■4C0A/.V£cr EAiCf^ CASL£ Df^ll^ 
WIfiF TO ,'FB SES'SOH gCOOnO 

S CO,\,V£Cr OA^y g'/K^ CiaiE 
9-' £^0 ■ rppKV,\'ALS X/ <f <2) 






^% 



ll^ 






^ ^ ^^^ 



7^ 






FIGURE 15a. VOLTAGE SENSOR INPUT CONNECTIONS (REF. DWG. 682B688, SHEET 1, 



VOLTAGE SfACiy? GWCrn^^ y[/BA^ S^A'SO'^ 



NOTE A S/^f^TS JC T^/S D^/:MNS /'^ 



BOXC/f OS£D) 



Ca3 

I 

05 



AA/AL03 




SHE£r / ^/^OOV/VO ^rs£A^^ , 

w/y'd^a-i s-'/ELPe: e»p ifACs. 

SHEETS '3MX//V0ED /VEAf? .Sf/VJiaf' 

ISADS . 

SMEETJ.LA/G/SM^DED '/I Pi/vrr , 
INOVDi/Aa-) y^/ELDED /^^if i^tDS, 

sMEST 4 Lyi/amcjvDeo /v pla^/t, 

MULT/PLE PA//! SWFLOED i£ADS. 



WTE B\ S/QAJAL CO^dmO/JE/Q ^EE 
'^V/DED /E S/d^AL PfOt/SEAiSO^ 
Eti^EDS A/O StCSiai PAAGe . 

S/UA/Ai covDrr/a^eP is mom/ted 
a/i/ ^Au^ S//E/.L AAC AfpeD 'n> 

T£PA4/A4L SCPEHfS /A/ EACTOPy. 



CHECAUnONS :\APPL Y OMLV 70 A 
r^OUP OP /A/PU7S(/4)A5S'aM££) TO 
A S/NtlLk AP CA/ID/NALP S^EU. . 



I. DO flOr M/X aMX/A/E)£E> .4A4? 

Uft/(iPOUUD£D S£A/SaPS . 
2 CO MIT MJLT/PLS OfiOUA/:) A/VY 
S/Z/flD DRA/f^ Oa: SF/VCOP' L£A£> 
WIPIB . 
3 m FMAir i?/fM/\/P5 a£rAf/3 
0/i0oP0^)Ati/3r j3£ ty/EM/A/ 
ii^- P<Ai^,X d>E^r/^£' ^^ -^ 

3imif ffl/iacA/o ^//vr 

4, ComECr ^ACf^ CARPB ^^KAtA/ 
W/fiE ro JTS S£A/30P< GE^OuUD 

SC^^/A/£cr a/Ypy OA/£ cASi-s 

X^'KA/N tV/AS^ TO rMe COA/iD 

3ff^Bw CT^/wi/A'Ms ACi^y2) 
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xaWaWaWaW'v. 






:vA>. 
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*-« -^-^ *^^ -^^i vs? 

A/fv ATi /^'^ 1^^ ^^ 
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FIGURE ISb. VOLTAGE SENSOR IHPUT CONNECTIONS (REF. DWG. 6S2B6B8. SHEET 2) 
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to 
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Hi 



S^-^/^ re J,-:3, Hi 



W fti m \m m [k: .d;ra:itii;i:!:y: 






ANALOG . ., Aij. >,, ^ '. ij- V ^^ - -m ■ ■> ^, : 

fO/Ajr " ~' """^ """ '"*' "'^ ^"^ '" ~~ 

o^m Rrj\\ tt ft rr tt rr n n 



■fli 






/-£/tOS . 
SHETT ^ JA'GROOVOeD ', ^L^.V^, 



VjAl 



"I -4^^ .UflL A All A'/f^eC TT 



f-f 5 ,AUrJCAiS_:\A'^L Y OA/l r TV A 



",/fOUP OJ^ /AW7Sf4-)AZS/G/VeO m 
A S/A/uLt" AP CAPC'PALf S/^SU- . 



1 DO M^r M/X 0A^^0OA'0£C A/Vr 

2 CO MT MJIT/Pl£ af?OUNJ M/y 
SA//£ll} C¥?A//V Oa; SrA/COA" leAC 

3 J3 fvOT jAPOuA/D J^SLE O^/N 

A',/e£S A/ P/AA'J- . 
■C -VTl i'£jrE/ky^ A Bis ^MA/N 

W/fE ro /rs st/VE,OA . 

^ SOAA£JT A^ '/y}ei£ /\A//V 
W/KES ^' 3C'A*'DEAJ/FlD 
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»1 



Hi 
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rtT^ F;r i \^. „r:i rr-- ^ ^i r^i \\- 
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FIGURE /5c. VOLTAGE SENSOR INPUT CONNECTIONS (REF DWG. 682B688, SHEET 3) 



VOLTAGE Sf/VSO^ l/mfiOaf^£:£D 'K' ^^l/IAiT 






CO 

I 

00 



£>'i:ffCS A/D SKSTS^ /?ANGe . 



I. DO ACT M/X Gf<Vi/A/OEC '^/^^ 
UN(}/K)U/W£D SfA'Sa/^S . 

e CO A/or MjiT/Pi£ ofiou/^/^ M/v 

S///£lD CPA/l^ OA SfA/COJ? /-eA£> 

3- CO mr GPouA/o casie cka/n 

WifES /A/ PiA/vr . 
*^aVA/£dr £Ay/ CABCE Qi?A/f\l 

wifie TO rrs st/vsa/v , 

i: aOA/A/£CT J/.L CABIS OK'A/Ai 
W//?ES ro 3a/1^DSWELD 
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FIGURE 15d. VOLTAGE SENSOR INPUT CONNECTIONS (REF. DWG. 6826688, SHEET 4) 



CUPRBNTSeA/SOf? fOWER SUPPLY ,^JNOS£> '■■ •^^AA'T 



CO 
I 
to 



re^/ML 
oAeo »A/ 

A/UMS£/(S 




se£ P/efc'/toT/o/^ \ic.3 



\\ ft 



tt tt tt 



-see P<'eCy4cyr/r^ 447 s 



fee ^or£ B , 

SEE P>i£C4UT/C^ AJO. C , 



'\ 



I 

I 



I' 

I 

Si 



/\/crt A 



>-!f> 



^1^ 



tt)IV 



XKKKKKKKKK 






!0^ 



\7ZKKKJ 



-SN£E75 (y -m/S Dii^/vm Me 



fveoti/r/ms: Afnv cA/iyroA 



w ofioep or 'VEP£f^£/^<:£_ 



P/l/fi L£A05. 
SP££re PiAAiT QPOU, V A £4/? 

PSl^fE/f SOf^'iy AW/O/i .VtaiT/P/.£ 

^/P SP/£U>£D l£/ISS. 
SP££7 S. U^a/eoa/VOEO ^^ Pl4V7J 

/AD/WOjilLLY Sfi£U>£D mP l£A£S- 
sH££r4 0Wa/?0OfllD£D M PL4A/r, 

/HUi-T/PtS P^/P SMEIDED LEACS. 



dROUP OF WPCrrs{/4)y^SS/3/^£D TO 
A S/AJQIS AP CAPD/PAIP SP£L L . 



\ar£B \ -MA-\/Oi.r CONiy£PT£P IS 

MOi^TED OAJ .filt-F SPELL AW 
lA/PED ru -^£^M/ML SOTlVS M 

^Acropy. 



o/v(}POi//v£e£> s£vsa<s. 

2 DO wr MC/LTIPIS (j/iX/M A/i/y 
SHIELD DPA/A/ O/? SE/VS13/C L£AD 
IMPE. 
3. ALL PLAf^T G/(aJY\JDS 0£ r^/S 

a»xjPY/4jMu£TS£ /y/rp/AY sy. 

A'A4S/^ OP r/EO -V 4 S/A/ljL£ 

a^eooA/o /i)YA/r. 

4 COA/A/ECrr £AY>I CABLE O^A/N 

iyrpe rv /rss^vsa^ cJ/omD. 

S. COWE^r aVLY OA/E CABLE OeA//^ 
I4//PE TO Tf^e QUAy^D SH.ELD 
{T£/?Af/A/ALS *Y/4' r2). 

i,. PfM/EJP Siy/¥iy LEAD C'aVA/ECT£^ 

C¥/3a;rLy T^MA-yaErCoAn/f/^TF/? 

Mi/SrSE G^0OA/0£D LEAD. 




■>1 
k 

h3 



k 


> 



tt tt tt n tt tt tt i^,^'':rl 



^^^N% 






all 



XKKK7^y^7^7CKKj<70<TZKJ 



PARALLEL iy7K>AJ 



L €'-y£ 



FIGURE 16a. CURRENT SENSOR INPUT CONNECTIONS (REF. DWG. 682B690, SHEET 1) 
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FIGURE 16b. CURRENT SENSOR INPUT CO'' "CTIONS (REF. DWG. 682B690, SHEET 2) 
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FIGURE 16c. CURRENT SENSOR INPUT CONNECTIONS (REF. DWG. 6826690, SHEET 3) 
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FIGURE ?6c/. CURRENT SENSOR INPUT CO ' ^rriOHS (REF. DWG. 6826690, SHEET 4) 
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F/GURE ;;. PHASE LOCK OSCILLATOR LOGIC (REF. DWG. 867C29(, SUB 2) 
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FIGURE ;8. ANALOG CONTROL CARD LOGIC (REF. DWG. 867C292, SUB 2) 
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F;GUR£ 19. CAL/BRATOR CARD LOGIC (REF. DWG. 867C29i, SUB 2) 
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FIGURE 20. 31 SPAN i GA(N WBUFFER LOGIC (REF. DWG. B67C294, SUB 3) 
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F/GU/?£ 2J. ^J COUNTER CARD LOGIC (REF, DWG. 867C295, SUB 2) 
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FIGURE 22. -2 SPAN <? CA/N W BUFFER ' OCIC (REF. DWG. 867C296, SUS 3) 
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F/GURE 23. -2 COUNTER CARD LOC/C (/?£F DWG. 867C297, SU8 2) 
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FIGURE 24. -'3 SPAN i GAIN W SUFFE" '.OG/C (REF. Oi^'G 867C- 
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FIGURE 25. -3 COUNTER CARD LOGIC (REF. DWG. 867C299, SUB 2) 
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FIGURE 26. »4 SPAN 4 GA/N W BUFFER LOGIC (REF. DWG. 867C300, SUB 3) 
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FIGURE 27. «4 COUNTER CARD LOGIC (REF. DWG. 867C30J, Sl/8 2) 
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FIGURE 28. CHANNEL )7 DRIVER LOG/C (REF. DWG. 867C302, SUB 3) 



AI3 



CO 
I 

en 



Ai5 «iS< K? 

COPSSO 




FIGURE 29. CHANHEL 57 DRIVER LOGIC (REF. DWG. 867C30i, SUB 3) 
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FIGURE 30. CHANNEL 57 DRIVER LOGIC (REF. DWG. 867C304, SUB 3) 
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FIGURE 31. WORDS 40 TO 57 DRIVBR LOGIC (REF. DWG. 867C305, SUB 3) 
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FIGURE 32. WORDS 60 TO 77 DRIVER LOGIC (REF. DWG. 867C306. SVB J) 
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FIGURE 33. ANALOG TRAP LOG/C fREF. DWG. 867C994, Sl/B 2) 
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FIGURE 34. SUHMINC RESISTORS LOG/C (REF. DWG. 867C995) 



TELETYPE "CX" TAPE READER SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype "CX" Tape Reader is used as a high speed tape input device that provides 
outputs corresponding to the intelligence recorded on fully perforated or chadless tape. 
The system operates asynchronously at rates up to 60 characters per second. The sys- 
tem contains a Teletype "CX" tape reader, an interface assembly, a channel buffer 
module (2RB3) and associated cables. 

A block diagram of the reader system is shown in Figure 1. Table 1 indicates the actual 
terminations referenced in Figure 1. 
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Figure 1 

(1) Terminal block type and placement is optional 

(2) Channel Slot is optional 

\ZJ Interrupt assignment is optional 

(^ Ebctender cable is optional 

(^ Quick disconnect cable is optional 
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Table 1 
n. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the Tape Reader Interface Package is shown in drawing 
794C807. 

2. All signal cables between the interface package and buffer card should use AWG 
#18 stranded wire. A signal distribution panel is available for screwdown type 
terminations which will accomodate all standard sizes up to AWG #16 wire. 

3. The reader may be located at distances up to 1000 feet from the computer. A 
three foot pigtail cable is provided at the interface package so that the extension 
cable may be connected. 

B. Environmental Specifications - Tape Reader 

1. Temperature 50° to 85°F 

2. Humidity 20 to 80% Relative 

3 . The Teletype CX Tape Reader should be checked visually every two weeks to in- 
sure that the code contacts are clean and the unit is properly lubricated. See 
section 5.1 in the Teletype CX Manual Bulletin 267B for detailed lubrication 
instructions. 

C. Power Requirements - CX Tape Reader 



Voltage 
Frequency 
Power Consumption 
Input Current 



115V AC ±10% single phase 

60 cps±0.75% 

75 watts 

Starting - 4.0 amps 

Full Load - 1.25 amps 
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D. Reference Drawings 

1. CX Tape Reader Package 

a) Outline and Assembly 794C807 

b) Schematic 794C956 

2. Tape Reader Flow. Diagram 867C553 

3. Cables 

a) Refer To Master Cable List for specific job. 

b) Extender Cable - M114 for use up to 1000 feet 

c) 35E to Rowan M008 

d) 35Eto 56E M009 

e) 35E to Curtis M019 

4. Printed Circuit Card 

a) Reader Buffer Card 743A337 



m. CIRCUIT DESCRIPTION 

The Teletype CX Tape Reader is an electro-mechanical device with operate magnets and 
a code contact mechanism complete with leaf contacts. Perforated tape is the trans- 
mission medium for the system. 

Drawing 867C553 serves as an interconnection diagram for the tape reader system. In 
addition to the forementioned features of the tape reader, a tight-tape mechanism (Start/ 
stop contact) and a tape-out mechanism (tape-out contact) are used to disable the oper- 
ating coils and serve to inhibit reader advance when either condition occurs. 

The power switch mounted on the tape reader unit has been rendered inoperative. The 
power switch mounted on the interface package assembly serves to distribute a-c power 
to the reader motor and the 28 VDC operating coils supply contained within the interface 
package assembly. 

The interface package also contains a three foot pigtail cable which can be connected 
to an extension cable to allow the reader to operate up to 1000 feet from the computer. 

The transfer of control and data signals between the interface package and the channel 
buffer module is described in terms of an impedance from PSC (Power Supply Common 
for the computer system). A signal is present means PSC is presented through a very 
l ow impe dance, hereafter referred to as a logical "0", When a slgfnal is not present 
(present), it is presented through a high impedance, it will be referred to as a logical "1" 

A. Eight Tape Level Data Signals to the buffer module. Logical "0" is present on any 
level when a perforation on the tape exists. 

B. "U" Contact Signal to the buffer module. The "U" contact input is the "Universal" 
contact in the reader which closes every time a character is read. It is interpreted 
as a "Strobe Tape Level Data" command and a "Stop Reader Advance" command by 
the Reader Buffer Module. 

C. Reader Advance Signal to the interface package assembly. This signal triggers the 
magnetic drive circuit. 
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Three additional signals are required to complete the repertoire: 

A. An Interrupt Input Signal to the I/O Interface is generated by the module in response 
to the "U" contact signal. 

B. A Channel Read Signal (Channel half-select) must be programmed into the Central 
Processor as a response to the interrupt input, that is the program must read the 
data on a particular channel. 

C. A Clear Data Register (CDR) Signal is processed within the module circuitry. | 

The sequence of events is described in detail in Section IV, "Printed Circuit Card 
Description." In general terms, the events are chronologically listed as follows: 

A. Channel Read (Channel Half- Select): 

1. Input Data 

2. Initiate Reader Advance Signal 

3. Initiate Clear Data Register 

^1 "U" Contact closes: 

1. Turn Off Reader Advance Signal | 

2. Turn Off Clear Data Register Signal | 

3. Initiate Interrupt Input (Data Available) | 

When convenient, the Central Processor responds to Initiate Interrupt Input by initiating 
Channel Read, hence giving asynchronous operation. Data is interpreted as a "1" when 
the module data register bit output is in a positive voltage, and a "0" when the bit output 
is zero voltage. The eight tape levels are transmitted via the input data lines to the cen- 
tral processor core memory, bits 13 to 6 as shown in Figure 2. 

Refer to the 2RB schematic and the Teletype Model CX Interface Schematic 794C956. 

Transistor Ql on 794C956 will conduct each time Sl-1 (on the 2RB card) is turned on. 
This causes the operate coils in the reader to be energized, provided the start switch 
closed and there is tape in the reader. Each time the operate coils are energized, the 
reader advances and will read one character, then the "U" contacts close, which cause 
an interrupt and blocks SCR, Sl-1, which deenergizes the operate coils. When an ac- 
knowledgment is received, Sl-1 gets set, the reader will read another character. 

Refer to Programmers Reference Manual for information relative to input data from 
external devices. 
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TELETYPE BRPE TAPE PUNCH SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype BRPE Punch is used as a high speed remotely-located paper tape punch. 
The tape punch system consists of the Teletype BPRE type punch, an interface package 
including automatic motor on/off control, cables and a channel card, 1DE3. The system 
is capable of punching 8 level tape at speeds up to 63 characters per second. A block 
diagram of the tape punch system is shown in Figure 1. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the tape punch and interface package is shown in drawing 
794C762. The tape punch may be mounted in a standard console or it may be set 
on a desk or table top. 

2. All signal cables between interface package and 1/0 processor should use AWG 
#18 stranded wire. A signal distribution panel is available for screwdown type 
terminations which will accommodate all standard sizes up to AWG #16 stranded 
wire. 

3. The tape punch may be located at distances up to 1000 feet from the 1/0 interface. 
A 3 foot pigtail cable is provided at the punch interface to which an extension cable 
may be connected. Table 1 indicates the actual terminations shown in Figure 1. 

B. Environmental Specifications 

1. Temperature - 50 to 110°F 

2. Humidity - 40 to 80'? Relative 

3. The BRPE tape punch should be lubricated at regular intervals as needed. The 
lubrication interval should not he more than 160 hours or one month of service, 
whichever occurs first. The maintenance time required is approximately 2 hours. 
Maintenance and lubrication instructions are found in Teletype Technical 
Manual - Bulletin 215B. 

C. Power Requirements 

1. Voltage 115 VAC i 10% single phase 

2. Frequency 60 cps t. 75% (50 cycle units also available) 

3. Current 9 amp starting - Punch Motor 

2 amp running - Punch Motor 
2 amp (DC power supply) 

D. Reference Drawings. 
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BLOCK DIAGRAM OF TELETYPE TAPE PUNCH SYSTEM 

Figure 1 



1. Teletype BRPE Punch and Interface Package 

a) Outllne-Punch-794C762 

b) Schematic- 1050279 

2. System Cables (Refer to Table 1) 

a) 35 pin card edge to 56E - 743A498 Ref. only* 

b) 35 pin card edge to ROWAN - 774A886 Ref. only* 

c) 56E to 56E extension cable - 743A492 Ref. only* 



feet or less 
up to 1000 feet 



d) 5flE to 56E block extension cable i J^iJ! ^^V 

( Ml 16 up to 

e) Curtis block to Curtis/Rowan { JJJJl 250 feet or less 
Note: M numbers refer to cable numbers/ ^^^^2 up to 1000 feet 

refer to Master Cable List for 
particular job. 

3. Tape Punch Interconnection Diagram - 867C541 

4, Tape Punch Channel Card - 743A328 (DE) 
Tape Punch Amplifier Card - 743A376 (TP) 

*Table 1 is a composite listing of the information on these 3 Drawings. 
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III. CIRCUIT DESCRIPTION 



npnpra! 



The Teletype BRPE tape punch requires 10 bits of Information for punching tape and 
motor ON/OFF control. The punch motor is turned on and off under computer control 
to prevent excessive wear on the punch parts if the punch is inadvertently left idling. 



A character on tape is made up of 8 channels corresponding to 8 bits of data and a 
feed hole. One bit controls the feed hole magnet which is energized for every char- 
acter. Also this bit is used to turn on the punch motor and d.c. power. Another bit 
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the output word is used to turn off the punch motor and d.r. powrr to the punch mac- 
ts. Therefore, the punch output character includes 10 hits. R hits of data and 2 for 



net 
control. 



The timinp of the punch control circuitry is derived from a macnetic pickup mounted 
on the punch. This pickup generates a pulse indicating that the punch magnets may be 
energized. From this pulse, the control circuitry enahlcs the magnet drivers for a 
period of 4.5 milliseconds. At the end of this period of time, the control circuitry in- 
hilnts the magnet drivers and generates an interrupt pulse which is sent to the corn- 
put rr asking for another character of output. 

Drawing 867C541 is an inconnection diagram of the tape punch system and indicates 
the maior components required. 

The d.c. power supply located in the interface package supplies the required power 
for the tape punch system. The negative side of this 28 volt power supply is tied to, 
•ind common with, the negative side of the 26 volt I/O interface supplv. 

The following signals are required between the punch interface package and the channel 
buffer module, 1DE3. 

1. Ten Data and Control signals from the buffer module to the punch interface pack- 
age. Zero voltage implies the corresponding punch magnet will be energized. 

2. Reset Signal from the punch interface package to the liuffer module. This signal 
occurs each time the computer outputs a character and the magnetic pickup pulse 
Ims been generated. This pulse is used to clear the SCR buffer register and ini- 
tiate an interrupt. 

The following signals are required between the I/O interface and the buffer module. 

1. An Interrupt Input Signal to the I/O interface indicating that the character has been 
punched and requests more output. 

2. A Channel Output Signal addressing the selected channel and loading the SCR 
buffer with a data word. 

Therefore, in order to punch tape, it is necessary to address the selected channel 
which will load data into the SCR buffer register. The Punch motor will turn on 
and the corresponding magnets in the tape punch will be energized through inter- 
mediate power amplifiers; the punch will cycle; a reset pulse will reset the SCR 
liuffer register and generate an interrupt. The computer may then output another 
data word at its convenience. 

The 10 bit code used with the punch is shown in Figure 2. 

B. Punch Motor and Power Control 

As mentioned previously, the punch may be turned ON and OFF under computer 
control. Both the punch motor and the d.c. power to the punch magnets are turned 
on and off by the computer as shown in Figure 3. A Struthers-Dunn relay (K2) is 
used since the switching contacts must be able to switch 9 amperes of starting cur- 
rent to the punch motor and carry 9 amperes of d.c. current to the punch ma(;nets. 
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735 SELECTRIC LOGGING TYPEWRITER 



I. GENERAL DESCRIPTION 

The IBM 735 "Select ric" typewriter is used as a loRpinp printer in the computer system. 
The logger system consists of an IBM 735 printer, an mterface package including auto- 
matic motor on off control, cables, and a channel card, ISL. The system is capable of 
printing alphanumerical characters at speeds up to 15 characters per second and has a 
maximum line width of 156 characters. A block diagram of the printer system is shown 
in Figure 1. Table 1 indicates the actual terminations referenced in Figure 1. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the printer and interface package is shown in Drawing 
105D174. The printer may be mounted in a standard console or it may be set on 
a desk or table top. 

2. All signal cables between the interface package and buffer card should use AWG 
#18 stranded wire. A signal distribution panel is available for screw-down type 
terminations which will accommodate all standard sizes up to AWG #16 wire. 

3. Logging printer may be located at distances up to 1000 feet from the computer. 
A 3 foot pigtail cable is provided at the printer to which an extension cable may 
be connected. 

B. Environmental Specifications 

1. Temperature - 50° to IIQOF 

2. Humidity - 40'; to 80^" Relative 

3. The IBM 735 logging printer is designed to operate reliably in office, warehouse, 
and light industrial environments. However, if unusual environmental conditions 
exist (excessive dust and dirt or a corrosive atmosphere) it is necessary that 
some protection (du.5t proof consoles, etc.) be provided to insure optimum 
reliability. 

4. The printer should be checked and lubricated a minimum of once every 4 weeks. 
The maintenance time required is approximately one hour. 

Information on scheduled maintenance and lubrication of the 735 Select nc is 
contained in the "IBM Customer Engineering Universal Reference Manual, 
Sclectnc I O Keyboard Printer" IBM Form/Part No. 241-5182-1. Also included 
in this manual are "Adjustment" and "Removal" Sections and the Selcctric 
specifications, timing, etc. It should be noted that maintenance contracts are 
available from IBM for this equipment. Information about these contracts may 
be obtained from^ the Westinghouse Computer Systems Marketing Department. 
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C. Power Requirements - (735 Typewriter) 
Voltage - 115 VAC i 10% single phase 

Frequency - 60 cps t 0.75% (50 cps units also available) 
Input current - 3 amps maximum 

D. Reference Drawings 

1. IBM 735 Selectric Interface Package 

a) Outline and Assembly - 105D174 

b) Schematic - 794C951 

2. Device Distribution Panel Power and Signal Connections 

a) Assembly - 844A443 

b) Signal Cable (56E to Curtis TB) - 844A444 

3. 1/0 Device "extension cable" - Master Cable List 

Ml 14 - 56E to 56E ( The Selectric is less than 250 feet from 1/0 

M121 - Rowan to Curtis \ Interface and no options required. 

Ml 16 - 56E to 56E i The Selectric is greater than 250 feet and less 

M122 - Rowan to Curtis ^ than 1000 feet from 1/0 Interface or special 

' options are required. 

4. 1/0 Cabinet Wiring (Cables) 

a) Card edge to panel connector (56E) - M108 - Master Cable List 

b) Card edge to Rowan block - M107 

c) Card edge to Curtis block - M120 

5. Selectric Card - 1SL3 - 743A341 

ni. CIRCUIT DESCRIPTION 

The IBM 735 Selectric printer requires an eleven bit code in order to print, space, shift, 
and carriage return. Seven of the bits are used for printing alphanumeric characters 
while the other four bits are used for function control. Each of the bits has an associated 
magnet which when energized will cause the printer to cycle. When the machine cycles, 
certain control contacts in the printer close, indicating the operation has been completed. 

Drawing 867C505 is a complete flow diagram of the printer system and indicates the 
major components required. 

The motor on-off switch mounted on the printer has been disconnected and replaced by 
one which places the printer in the off-line mode so that the motor is running but the 
computer cannot output to the printer. This mode of operation is covered in the Motor 
On-Off Control section. 

The D.C. power supply located in the interface package supplies the required power for 
the printer system. The negative side of this 28 volt supply is tied to and common with 
the negative side of the 26 volt computer power supply. 
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The following signals are required between the interface package and the buffer module. 

1. Eleven Data Signals from the buffer module, zero voltage implies the corresponding 
magnet will be energized. 

2. R eset Signal from the interface package to the buffer module. This signal occurs 
every time the printer cycles and is used to reset the buffer register. 

The following signals are required between the computer I/O Interface and the buffer 
module. 

1. An Interrupt Input signal to the I/O Interface indicating the function has been 
completed and requesting more output. 

2. A Channel Output signal addressing the selected channel for loading the buffer with 
a data word. 

Therefore, in order to output to the printer, it is necessary to address the selected 
channel which loads data into the buffer register (1SL3). The corresponding magnets in 
the printer will be energized; the printer will cycle; a reset signal will reset the buffer 
and generate an interrupt and the computer may output another data word at its 
convenience. 

The eleven bit code required to print alphanumeric information is shown in Table 2. 



MOTOR ON/OFF CONTROL 

The Selectric motor will turn on when the computer outputs a character to the logging 
printer. As long as the computer continues to log or print data, the motor will remain 
on. If the computer stops outputting characters, the motor will turn off after a period of 
approximately 3 to 4 seconds. 

The a.c. voltage to the printer motor is controlled by relay Kl contacts as shown in 
Drawing 867C505. Outputting any character as found in Table 2 will cause this relay to 
be energized and the printer motor will turn on. 

The switch SI is used to pick relay Kl if it is desired to operate the printer in the off- 
line mode. One pole of the switch is in series with the d.c. supply, so that when the 
printer is in the "MAN" mode the computer may not print on the logger. It is therefore 
necessary to place the switch SI in the "AUTO" condition so that the computer has 
complete control of turning the printer on and off. 

When the printer is not being used by the computer, Kl relay is de-energized and the 
5000/- f capacitor, C3, will charge up through normally closed contacts (pins 5 and 6) and 
the 20 ohm resistor to the positive side of the power supply. When Kl is picked, the 
relay contacts transfer the charged capacitor to the relay coil. As long as the computer 
continues to output to the printer, Kl will remain energized and the capacitor will 
remain charged. 

When the computer discontinues outputting to the printer, the capacitor will discharge 
through relay Kl. The relay will remain energized until the capacitor voltage drops 
below the holding voltage for the relay. This is approximately 3 seconds. When the 
relay drops out, the capacitor will be recharged through the 20-ohm resistor. 
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In order for the computer to have complete control of the printer motor, It is necessary 
to bypass the ON/OFF switch mounted on the Selectrlc. This is done by disconnecting 
wires at the switch and crimping them together. 

Another modification which is required for the Selectric is to disable the "Shift-Up Lock" 
on the keyboard. This must be done since it is possible to lock the shift mechanically at 
the keyboard. It may damage the printer "shift-up" solenoid since a completion signal 
will not be given when a shift-up command is given and therefore the shift-up magnet 
will remain energized. 

OPTIONS 

Several options are available and are indicated in Table 1. These include Tab, Keylxjard 
Lock, Color Shift, Index and Back Space. The control of these options must be done 
using standard contact closure outputs. There is no standard feedback for these options; 
therefore they must receive their control through programming. 

These options are brought back to the computer through the standard Selectric cables; 
however, the wiring to the CCO unit must be taken care of for each specific system. 

Both Color Shift and Keyboard Lock require level-type signals, while Index, Back Space 
and Tab require a pulse for a single actuation of the magnet. Note that when these 
functions are performed, an interrupt from the 1SL3 card will occur. This can be used 
to open the CCO which initiated the function. There will be no interrupt for Color Shift 
and Keyboard Lock. 

INTERFACE POWER SUPPLY 

The power supply used in the interface package is an unregulated plug-in power supply 
whicli fits into a standard 8 pin octal socket. 

The nominal output voltage of this supply is 40 volts. 

This power supply is identified as PSlon 867C505. 
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Table 2 shows the code required for the IBM 735 Printer 



PRINT 






Bit* 










FUNCTION 


13 


12 


11 


10 


9 


8 




A 





1 










1 




B 


1 


















C 


1 













1 




D 


1 












1 




E 


1 

















F 












1 


1 




G 












1 


1 




H 


1 


















I 





1 














J 












1 







K 


1 

















L 


1 












1 




M 





1 






1 


1 




N 


1 









1 













1 









1 




P 




















Q 


















Space "1" in Bit 6 


R 





1 









1 




S 





1 










1 


Carr. Ret, "1" in Bit 5 


T 


1 









1 







U 


1 









1 


1 


Shift up "1" in Bit 4 


V 





1 






1 


1 




w 





1 












Shift down "1" in Bit 3 


X 


1 









1 


1 




Y 




















Z 


1 


1 






1 







1 + 


1 


1 






1 


1 




2 9 


1 


1 







1 







3 # 


1 


1 






1 


1 




4$ 


1 


1 









1 




5 % 


1 


1 














6^ 


1 


1 














7 & 


1 


1 









1 




8 * 


1 


1 









1 




9 ( 


1 


1 















) 


1 


1 















= + 












1 







I ° 





1 






1 







/ ? 
















1 




, , 





1 






1 







) * 















1 




1 11 





1 














» • 















1 


J 



*When Bit 7 is a "1", the machine prints a dash (-). 
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t^ 







I 'Hit: 

1 "• >; ^^ 



^ 






^5 




^& 



WISTINOHOUSI ILKTRIC CORPORATION computer systems division ,.,-nwm,m,H . ^a. v.,a 

-<s2>^/<^r2r ^^^sstf^ yy^H<^ •<5y V 



nwg <^^<<^^^4^ gijB Y%3 



.Finish Chart. 



^^ye/S'^^^^S 



I »«oooeo J 



7 ^r;yf!i^^ Tyi^ 






i- 






JtWAX2€W 



9 






i«^^*i<'<^:^^/' 










^-jT^A ^^^ 
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r 



^^ 



^i 






a 

X 

u 





mo 



WISnNOHOUSI niCTtlC COtK>RATION COMPUTER SYSTEMS DIVISION oiTTMUMH^AU** 

TITLE y^^<rb^^y^<r jur^/^s^ 



.Finish chart- 



description — MATERIAL 

DIMENSIONS IN INCHES 



PATT. NO. 

OM 
REF. DWO. 



FIN. CH. 
LINE NO. 



STYLE 
NO. 



SYM. 



OR. 



/ 



/irJW.^4^/t/'/i(^^A^r 



TU^y^M^/ 



/ 



^ 



T^^Af ^^A^ 



77^fl^f//// 



/^^y^^Z^ A'^r 



7424//^//a0 



yi^>?^/<^/A4:i- j$-;':^/>^ 



^4^//^^^/ 



/ 






NEXT ASSY 



REF. DWG. 



^sf%v ^^ J' j^iiirj'p:^ 



DO NOT SCALE DWG. 

BREAK ALL SHARP EDGES .02R 

ANGULAR DIMENSIONS ±1/2° 



OVER 24 



6 IN. to 24 



UP TO 6 IN. 



BASIC DIM. 



±.06 



±.04 



±.02 



2 PLACE 
DEC. 



±.015 



±.010 



±.005 



3 PLACE 
DEC. 



TOLERANCE UNLESS 
OTHERWISE SPECIFIED 
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.'i^ 



^^' 


r^l 


^ 












».' 


.^ 










f 


Q 


> 


Q 


□ 







H 


X 


a. 


Ol 


0. 


a. 




U. 


1 


3 


Q. 


A. 


0. 


d 


Q 


u 


Ift 


< 


< 


< 


inQ 



WiSTINOHOUSi ILICTtIC CORPORATION computer systems division 

TITLE y^><^^^^^c j^r>e^^^ 



DWG <f'?^k,^-^J' SUB r 



.Finish Chaht. 




>r /^^ /y<i^/^-j 



y '/^XP yVci^^'S 







^ 







.:s^^^ /ki^Pir-/ 



y "/^y^ /^^T^if-^ 




^'^^ye yv^/ir-^ 



jTAf'^ ^^ ^ :Si^ 



^ <^^^fK^^S 
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TELETYPE MODEL 35 INPUT/OUTPUT SYSTEM 



I. GENERAL DESCRIPTION 

The Teletype Model 35 equipment is used as a low speed Input/Output to the 1/0 pro- 
cessor. The equipment uses the "American Standard Code for Information Interchange" 
and operates at a speed of 10 characters per second. When used for Input/Output the 
equipment may be a Model 35 ASR (punch, reader, keyboard and printer) or a Model 35 
KSR (keyboard and printer). An Output only, the Model 35 RO is also available (printer 
only). The Model 35 Input/Output System is shown in Figure 1, and consists of the 
Model 35 (ASR, KSR, RO), an Interface package with automatic motor ON/OFF control, 
cables, and 3 channel cards. (2TN1, 4T01, 3TS1) The 2 TNI channel card is not 
required when the Model 35 RO is used. 

II. SPECIFICATIONS 

A. Mechanical Specifications 

1. An outline drawing of the Model 35 ASR is shown in Drawing 105D369. Drawing 
105D371 is an outline drawing of the Model 35 KSR and RO. The interface package 
and motor ON/OFF control is mounted in the stand of the equipment. 

2. All signal cables between interface package and 1/0 processor should use at least 
AWG #22 stranded wire. A signal distribution panel is available for screwdown 
type terminations which will accommodate all standard sizes up to AWG #16 
stranded wire. 

3. The Model 35 equipment may be located up to 1 mile from the 1/0 processor 
using standard extension cables. However since this equipment is compatible 
with Dataphone and standard TWX, its location is effectively unlimited. A 3 foot 
pigtail cable is provided at the interface to which an extension cable may be 
connected. Table 1 indicates the actual terminations shown in Figure 1. 

B. Environmental Specifications 

1. Temperature - 50° to 110° F. 

2. Humidity - 40% to 80% Relative 

3. The Model 35 equipment should be lubricated at regular intervals as needed. The 
lubrication interval should not be more than 1500 hours or 6 months whichever 
occurs first. The maintenance time required is approximately 3 hours. Main- 
tenance and Lubrication instructions are found in Teletype Technical Manual 2 SOB 
(ASR) and 28 IB (ICSR and RO). 

C. Power Requirements 

1. Voltage - 115 Volt AC + 10% single phase 

2. Frequency - 60 + 0.5 cycles (50 cycle equipment available) 

3. Current - 3 amperes 
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A 




A 




KSR 


Line M 


TSxil 


K2 


B 




B 






+ 72V 


TSxiO 


K5 


C 




C 






MOTOR ON 


TSX3 


K6 
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D 






+ 48/125V 






E 




E 






CR INT 






F 




F 
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H 




H 






ACK LAMP 






J 
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J 
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V 




V 
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W 
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X 




X 






RD. ON I Not Used) TNx21 
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K13 


Y 




Y 






K14 


Z 




Z 





RO 



Line M 


TSxU 


K2 


B 




B 




^72V 


TSxiO 


K5 


C 




C 




MOTOR ON 


TSx3 


K6 


D 




D 




+ 48/ 125 V 






E 




E 




CR INT 






F 




F 




LINE P (OUTPUT) 


TSx4 


K16 


K 




K 





Table 1 
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D. Reference Drawings 

1. Model 35 Equipment and Interface 



Model 35 ASR 
Model 35 KSR 
Model 35 RO 



Outline 
105D369 
105D371 
105D371 



Schematic 
105D372 
105D373 
105D374 



2. System Cables (Refer to Drawings 867C573, 867C574) 



a) 35 pin card edge to 56E 


Model 35 KSR, 
M006 


35 ASR, 
M006 


35 RO 
M105 


b) 35 pin card edges to ROWAN 


MOOS 


M005 


M104 


c) 56E to 56E Extension 


M114 


M114 


M114 


d) 35 pin card edge to CURTIS 


M004 


M004 


M103 



3. Channel Cards 

2TN1 
4T01 
3TS1 



743A339 
743A327 
743A342 



m. CIRCUIT DESCRIPTION 



A. General 



To feed blank tape on the Model 35 ASR, it is necessary to depress the "control, 
shift, "P" and "Repeat" keys in that order. This will feed blank tape as long as the 
"Repeat" key is held depressed. 

The mode switch on the Model 35 ASR is used to select different modes of Input/ 
Output when the equipment is ON-LINE. 



Position "K" 
Position "KT" 



Position "T" 



Position "TTS" 



- The keyboard and printer are connected to the computer. 

- The keyboard, printer, tape reader, and tape punch are connected 
to the computer. When the tape reader is transmitting, the 
message is copied by the printer and a duplicate tape is punched. 
The keyboard should not be operated when the tape reader is 
reading. When the keyboard is transmitting, the message is 
copied by the printer and a tape is punched. 

- The tape reader and printer are connected to the computer. The 
printer copies what is being transmitted by the tape reader or 
received from the computer. The keyboard and tape punch are 
left In an OFF-LINE condition and tape may be prepared locally 
from the keyboard while transmitting to and from the computer. 

- The tape reader reads binary tapes with no printing occurring. 
The keyboard and tape punch may be used to prepare tape without 
interference to the tape reader. 
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Position "TTR" - The tape punch is connected to the computer and may be used to 
punch binary tapes. The tape reader, printer and keyboard are 
disconnected. (This mode has no apparent use at present.) 

The Model 35 KSR has no MODE switch and the keyboard and printer are always 
connected to the computer when the KSR set is ON-LINE. 

When punching binary tapes using the programmer's console programs (BP) the 
operator should set the mode select switch to the KT position so that the limits of 
punching are not punched in the binary output tape. When the "trigger" character, 
return, is given, a 10 second program delay will occur to allow the operator to 
switch the mode select switch from KT mode to TTR mode. Binary punching will 
then occur. Any additional binary output requires switching to the KT mode, typing 
in the limits, and then switching back to the TTR mode. 

Teletype Model 35 send-receive equipment uses an 8-level code (standard ASCII 
code) as shown in Table 2. An additional two bits of data are required for turning 
the motor on and off under computer control so that the total output character is 
made up of 10 bits while input data is 8 bits. Current on the line is defined to be 
60 milliamperes for marking and milliamperes for spacing. In addition to the 
intelligence portion of the code, control is required; since transmission is serial, 
a "start" and "stop" pulse must be generated. The start pulse precedes the first 
intelligence pulse of each character and is always a spacing pulse (open line), while 
the stop pulse follows the last intelligence pulse and is always a marking pulse 
(current in line). 

The "start" pulse has the same duration as each of the character pulses, while the 
"stop" pulse has a duration of twice that of the others. If each character pulse is 
given a unit time duration, the total time required to transmit any character is 11.0 
units. A transmission rate of 10 characters per second requires a rate of 110 units 
per second. Therefore, one unit of time is equal to 9.09 milliseconds. This is the 
basic unit of time for the Teletype serial transmission equipment. 

The above general description indicates how a two wire teletype transmission 
system operates. In order to be compatible, so as to transmit serial data, it is 
necessary to open and close the line at the required rate. In order to receive serial 
data it is necessary to monitor the line, sychronized with the start pulse, and detect 
when there is current and when there is no current. This is done by using a 
mercury relay contact for output and a mercury relay coil for input, both of these 
being in series with the line as shown in Figure 2. 

B. Information Transfer 

Figure 2 indicates in block diagram form, the major components which make up the 
control of data transfer between the I/O interface and the Model 35 equipment. 
These components make up the 3 channel cards mounted in the I/O interface; 4T01, 
3TS1, and 2TN1 cards. 

In order to provide the necessary timing required by the Model 35 equipment, a 
five-stage counter is used. This counter is stepped along by alternate pulses, PI 
and P2. The timing of this counter is shown in Figure 3. PI and P2 pulses are 
derived from a unijunction oscillator circuit and are timed to occur alternatively 
every 9.09 milliseconds, the basic unit of time of the 35 equipment. The five-stage 
counter can give 10 different states. These are shown in Figure 3. Note that state 
EA is equivalent to the "start" for the 35 equipment. The eight succeeding states 
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Character 



@ 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

O 

P 

Q 
R 

T 
U 
V 

w 

X 

Y 
Z 

L 



SPACE 






Level 
BTTTe 5 41 Feedhole 3 2 1 Octal 



300 
101 
102 
303 
104 
305 
306 
107 
110 
311 
312 
113 
314 
115 
116 
317 
120 
321 
322 
123 
324 
125 
126 
327 
330 
131 
132 
333 
134 
335 
336 
137 
240 
041 
042 
243 
044 
245 
246 
047 
050 
251 



Character 



/ 

1 
2 
3 
4 
5 
6 
7 
8 
9 



EOT 

WRU 

RU 

BELL 

TAB 

LINE \ 

feed/ 

VT 

FORM 
RETURN 
X ON 
TAPE 
X OFF 
TAPE 
ACK 
ALT \ 

mode/ 

RUB 1 
OUT ( 



Level 
8 7 6 5 4 Feedhole 3 2 



Octal 



252 
053 
254 
055 
056 
257 
060 
261 
262 
063 
264 
065 
066 
267 
270 
071 
072 
273 
074 
275 
276 
077 
204 
005 
006 
207 
Oil 

012 

213 
014 
215 
021 
022 
223 
024 
374 

175 
377 



Ascn teletype code 

Table 2 
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represent the 8 bits of data for the Model 35 code. "Stop" is represented by state 
D-^ of the sequencer and at this time an 18.18 millisecond delay is generated since 
"stop" is twice as long as the other states. This sequencer is used to serialize 
data during output and also for sequentially storing the serial data during input. 

Figure 4 shows generally how data is transferred between the Model 35 equipment 
and the control logic. An SCR is used to buffer each of the eight bits which make up 
the 35 code. Each SCR may be set from the computer using the I/O processor data 
outputs and addressing the channel or it may be set as a result of inputting data 
from the Model 35 reader or keyboard. 

As shown in Figure 4 the "line" is closed to the 35 equipment and may be opened by 
opening the Kl contacts (output) or by opening it within the 35 equipment (Input), 
either by striking a key on the keyboard or by reading a character from tape. 

1. Output Mode 

To output a character it is necessary to start the sequencer. This will happen 
when a character is loaded into the eight bit SCR buffer from the computer. The 
sequencer is reset to step E-A and a start pulse is given which occurs as a result 
of Kl relay being f-uergized. Note that a "start" pulse will occur with every 
character that is loaded into the register during output. 

The next step in the sequence A-B will select Bit 5 of the SCR register. Point 
"3' (select) will go positive it the SCR has not been set (0) and will be clamped 
to ground if the SCR has been set (1). This output "S" is then OR'ed into the Kl 
driver so that if the SCR was set (1) the relay will not be energized and the "line" 
will remain closed. However, if the SCR was not set then the Kl driver will con- 
duct and the relay contacts will open, opening the line. The next SCR, Bit 6, will 
be selected by the B-C state of the sequencer and the line will be opened or closed 
depending on the state of the SCR. Each of the SCR's up to Bit 12 will be 
examined by the sequencer and the line will be opened or closed. Once the 8 bit 
code has been transmitted a "stop" pulse is given. This requires that the "line" 
be left closed for at least two units of time, 18.18 milliseconds. After this period 
of time a new character may be processed. The stop code occurs when state DE 
occurs and is generated by a unijunction time delay circuit covered later in the 
description of operation. 

After each output character is processed the register is cleared and an interrupt 
is given to the computer asking for another character. 

2. Input Mode 

When a key is struck on the keyboard or a character is read from tape, the 
sequencer is reset and starts to step along in synchronism with the ASR set. A 
signal called "input load" is generated when the Input Mode is selected. This 
signal, shown in Figure 4, is used to strobe the condition of the "line" for each of 
the data bits. The input load signal occurs approximately 6.3 milliseconds after 
the beginning of each step of the sequencer. 

The "input load" signal pulses the "gate" of the selected SCR. When this gate is 
allowed to go positive the SCR will be turned on. As shown in Figure 4, if the 
SCR is turned on when the input channel is selected the data input to the computer 
will be a logic "0" since the SCR shorts windings 1 and 2 of the pulse transformer. 
A logic "1" will be sent to the computer if the SCR is in the blocked state. 
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Therefore, to transmit a loplc "1" to the computer from the data register it is 
necessary to suppress the input load signal so that the SCR will remain blocked. 
This is done by using the contacts of a mercury relay as shown in Figure 4. 
The coil of the relay is in series with the line and is energized when the line is 
closed (1). The normally open contacts of this relay suppress the input load 
signal when the line is closed, a logic "1" condition. When the contacts open the 
input load signal is permitted to go positive. The contacts will open if the relay 
is de-energized, i.e., the line is open. 

It is, therefore, possible to monitor the condition of the "line" and sequentially 
set the SCR data register. Since both the sequencer and the ASR set are in 
synchronism, it is possible to store the serial code in the buffer register. At 
step AB of the sequence point "S" is positive and if the "line" is open the input 
load pulse will not be inhibited and the SCR gate will be pulsed, setting the SCR. 
A logic "0" w ill be transmitted. If, however, when step^-B occurs the "line" is 
closed the relay contacts will be closed and the "input load" signal will be 
suppressed and the SCR will not be set. A logic "1" will be transmitter! tn the 
computer. As cacti step of the sequence occurs the line contact will be monitored 
and the correbponding SCR will be turned on or left blocked. 

When step DE occurs, the "stop" code is generated and an input interrupt is 
given, and tlie computer may then read the buffer register by addressing the 
particular channel. 

3. Signal Requirements 

The following signals are required between the Model 35 equipment interface 
package and the channel modules 2TN1, 4T01,and 3TS1. 

a) Two signal wire communication link with the capability of opening and closing 
the line for output; and the capability of monitoring the line opening and closing 
for input. 

b) A reader control signal for start/stop control of Reader unit in Model 35 ASR. 

c) Motor ON/OFF control signal for turning Model 35 equipment on and off under 
computer control. 

The following signals are required between the I/O processor and the channel 
modules 2TN1, 4T01, 3TS1. 

a) Two Interrupt Input Signals 

1) INPUT (2TN1) - indicating character is ready for transfer to I, O interface. 

2) OUTPUT (3TS1) - indicating character has Ijeen processed liy Model 35. 

1)) Two channel half selected signals, one for loading SCR Data Buffer for output 
and one lor Inputting Data from SCR Buffer Register. 

The 10 l)it code used with the punch is shown in Figure 5. 
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The motor in the Model 35 equipment may be turned on and off with the LINE/OFF/ 
LOCAL switch on the set or by the computer which parallels the operation of this 
switch. Since the life of the equipment is related to the time that it is running, it is 
desirable to run the equipment only when it is necessary to print a message from 
the computer. For this reason the motor on/off circuitry has been installed. 

As shown in Figure 6 there is a mercury relay on the 3TS1 card, which controls 
the motor on/off relay located on the interface package. The mercury relay is 
controlled by setting Bit 13 to a "1" which sets a bistable on the 4T01 card. The 
output of this bistable energizes the mercury relay (M9-2). Bit is used to reset 
the bistable which de-energizes the relay coil. The mercury wetted relay contact 
selects the power relay in the INTERFACE package located at the 35 equipment. 
The contacts of this power relay parallel the contacts of the switch (LINE/OFF/ 
LOCAL) and put the set in the "Line" mode independent of the switch setting. The 
motor on the 35 set will then turn on. 

As mentioned previously when the computer outputs a character to the 35 equipment, 
the sequencer will be 'tripped off" and the line contact will open and cause the 
equipment to cycle. Proper operation of the equipment requires exact synchronism 
between the Model 35 equipment and the sequencer. The Sequencer cycles at the 
same rate at all times; however, the Model 35 equipment, if tripped off when the 
motor is coming up to speed, will not cycle at the correct speed since it is 
mechanical in nature. Therefore, the code which gets stored mechanically will be 
invalid and "nonsense" will be printed as the motor comes up to speed. 

In order to prevent this Invalid printing condition, the line contact on the TS card 
is shorted out while the motor comes up to speed. The line is not opened and a print 
cycle will not occur. This circuit is triggered by closure of the motor on contact. 
As shown in Figure 6 the output of this circuit, relay contacts, shorts out the line 
contact. When the "motor on" contact closes, a unijunction delay circuit fires after 
1,0 seconds and sets an SCR which picks the blanking relay and the "line shorting" 
contacts open. By this time the motor is up to speed and printing may be done. 
When the motor on relay is opened by setting Bit to a "1" the blanking relay will 
drop out. 
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ENVIRONMENT AND GROUNDING 

RECOMMENDED ENVIRONMENT 

The following information was prepared for use by those persons who are responsible for the 
site preparation for a P-50 computing control system, A thorough understanding of, and close 
adherence to, the requirements and recommendations offered here are essential for an efficient 
system. 

Site Selection 

In considering possible locations for the computing system, the user should keep in mind his 
responsibility for providing all the necessary wiring, main circuit protection, and convenience 
receptacles required. 

The following factors also should be considered: 

1. The proposed area should be of sufficient size to accommodate not only the planned 
system but also any future expansion likely to be needed. 

2. Doors, elevators, and corridors should have the strength and clearance necessary 
for moving individual units or assemblies making up the system, to the planned site. 
(The P-50 system generally is of such compact design and weight, however, that this 
rarely presents any problems.) 

3. Floor construction should be adequate for support of the computer system, including 
peripheral units. (Again, normal industrial construction usually is more than ade- 
quate for the P-50.) 

4. Sufficient clearance should be allowed for movement of test equipment around the 
computer system. 

5. Environmental conditions should meet or exceed recommendations on recommended 
shock, vibration, temperature, and relative humidity. 

6. Governing codes (local and/or state) concerning building construction, electrical wir- 
ing, fire protection, etc. 

Computer Site Layout 

Upon selection of the computer site, it is recommended that the user prepare a floor plan of 
the proposed computer area (1/4 to 1 foot scale). The plan should show all permanent objects 
such as support columns, piping, doors, walls, and any equipment considered indefinitely fixed 
in place. Also the floor plan should include a desired arrangement of the computer system 
that conforms with installation recommendations. 

The plan should be given or sent to the Westinghouse project engineer assigned, for his infor- 
mation, review and comments. 

Major areas of concern in the initial layout include: 

1. The minimum required working area, for operation and maintenance of the computer 
equipment, including space for test equipment, tools, spare parts, and for whatever 
added room may be needed in the future in case of expansion of the system. 
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2. Positioning of computer units to permit operators to view displays, panels, etc., with 
little or no movement. 

3. Power requirements of the system, and adequate air circulation. 

4. Provision of an adequate service area. 

5. Sufficient extra floor space for possible expansion of the system, including the facil- 
ities (power and air circulation) for such expansion. 

Site Construction 

Existing walls, floors and ceiling may be used to whatever degree is practicable, in keeping 
with the approved computer layout, and governing local and state construction codes as to en- 
trances, fire exits, and other factors that may be involved. The flcior should be true and level, 
and capable of sustaining the weight of the computer system and any additional equipment 
planned, without appreciable deviation. A raised or false floor is not required but can be con- 
venient for running and locating cables. (Provision is needed in any case for bringing the power 
c;il)ling and signal cai)les into the bottom of the cabinets.) 

Wood floors are not recommended. If used, they should be covered appropriately for dust con- 
trol, fire prevention and appropriate appearance. 

Ceiling construction should be such as to keep down noise, and protect the equipment against 
moisture, oil, dust and objects that might fall from taller structures, cranes or other higher 

points. 

Lighting should be capable of providing an over-all maintained intensity within the range of 55 
to 75 foot candles at a height of 30 inches above the floor. 

Area Housekeeping 

Site construction should be completed before delivery of the computer equipment. All air ducts 
should be blown out and cleaned. The site and wiring troughs should be thoroughly cleaned of 
all dust, dirt and debris. 

During connection of wiring, etc., to the computer system, care should be exercised to prevent 
metal filings, pieces of insulating material, dirt and other foreign matter from falling into the 

equipment. 

After the equipment is installed and connected, but before power is turned on, cleaning of the 
entire area should be repeated. 

During the regular scheduled cleaning of the area, the flooring should be cleaned with a damp 
mop. When a vacuum cleaner is used, the filter should first be cleaned. 

1'ire Protection 

Beyond observance of all governing codes in providing fire protection, it is recommended that 
— within the computer room and not more than 20 feet from the equipment — either a CO2 
fire extinguisher or CO2 hand hose system be installed. The number and capacity of extin- 
guishers should of course be determined by the amount of equipment it is there to protect. 

Also it is recommended that all documentation of programs and taped programs be prepared 
in duplicate, and a copy of each stored in a fireproof vault. 
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Power Considerations 

Power Input: The basic input power for the system is as follows: 

Voltage 115 v a-c 

Frequency 60 cps 

Allowable voltage deviation ± 10% 

Allowable frequency deviation ± 0,6 qps 

Primary Power Source: A separate power transformer should be provided for the computer 
system. When this is not possible, the power source used should be free of any heavy variable 
load such as elevator motors, air conditioning motors, etc. Means should be provided for dis- 
connecting the primary power to the computer system in an emergency. It should be clearly 
marked "Emergency Power Disconnect," and shielded or enclosed to prevent accidental actu- 
ation. It should be located near the computer main frame and the main exit. Also it is recom- 
mended that all primary and distribution wiring meet UL reconimendations. 

Grounding: All grounding as specified herein is not intended to supplant but rather to com- 
plement those of the National Electric Code and Local Codes. Its primary purpose is to shield 
against noise and RF interference. 

The following requirements must be strictly adhered to in order to provide optimum noise im- 
munity on analog inputs to digital control computer. If they are not followed, no guarantee can 
be made as to system accuracy. 

All low-level lines from sensors should be shielded twisted pairs. The shield should be 
grounded according to the following conditions: 

1. A thermocouple which is not grounded at the well should have its shield grounded at 
the receiver end (computer terminal cabinet). 

2. Thermocouples which are normally grounded at the source should have the shield 
grounded at the source. The most effective procedure includes a third wire, pref- 
erably one of the materials used in the thermocouple, which is connected to the top 
of the thermocouple and the shield. The shield is tied to the thermowell. 

3. Transducers with balanced outputs should have the output guard tied to the shield, 
and the shield should be grounded at the receiver. 

4. For transducer outputs of the single-ended variety, the shield must be grounded at 
the transmitter to be most effective. 

In addition to these requirements, the routing of cables is a significant factor in minimizing 
pickup problems. The following recommendations must be followed in layout of wiring: All 
low level (0 to 50 millivolts) analog input signals should be routed through separate cable tray(s) 
and/or conduit(s). Under no circumstances whatsoever should a-c power or signal lines be 
routed with analog signals in either tray or conduit. 

The cable tray should completely enclose the analog signal lines, and should be bonded firmly 
to the building ground system. The cable tray should effect at least 85 percent coverage of the 
analog cables. The only allowable exception to this is that low voltage (0 to 10 volts) d-c con- 
trol cables may be routed in the same cable tray as the analog signals. 

Cables carrying 125 volts a-c or lower should be spaced not less than 12 inches away from the 
analog tray; potentials of 440 a-c to 125 a-c volts should be spaced a minimum of 18 inches 
from the analog cables. Voltages above 440 volts shall be separated from the analog signals 
by a distance of not less than 2 feet. It is realized that in some circumstances power cables 
will run parallel to the analog cables. With the previously mentioned separation, this condition 
may exist for runs not exceeding 20 feet. Parallel runs are permissible to 50 feet by increasing 
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the recommeucled spacingb a minimum of 1 loot. Longer runs of parallel length may be made 
by increasing the spacing requirement by 1 foot lor every 30 feet above 50. 

As previously mentioned, all analog signal lines should be twisted shield pairs. The shield 
encloses each pair and will offer not less than 85 percent coverage. The shield should be cov- 
ered by insulation having suitable mechanical, electrical, chemical, and thermal properties. 
Multiple pair cables from the thermocouple reference junction to the computer input cabinet 
should not exceed 17 pair cables. 

Convenience Outlets: The test equipment for the computer will require 120 v, 60 c, single- 
pliase service. Convenience outlets should be provided near the equipment and around the 
perimeter of the room, at heights not exceeding 42 inches above the floor. 

Air I'iltration: The incoming air in the computer room or area should be clean or should first 
be filtered by a filter having 90 percent efficiency based on the Bureau of Standards Discolora- 
tion Test, A Weslinghouse "Precipitron" unit is effective for this purpose. 

Primary Power Source - General 

A separate power transformer should be provided for the computer system. When this is not 
possible, the power source used must be without heavy variable loads such as elevator motors, 
air conditioning motors, etc., which might draw surge currents from the source sufficient to 
cause voltages to drop below allowable tolerances. 

A means for disconnecting the primary power to the computer system in an emergency should 
be provided. It should be titled "Emergency Power Disconnect" and enclosed or shielded to 
prevent accidental actuation. The location should be near the central Processor and the main 
exit. 

Loading 

All standard equipment in the system operates on 115 volt 60 cycle per second single phase in- 
put voltage. Various parts of the system have been designed to accept 230 volt and 50 cycle in- 
put power; however, some modification is entailed in making a complete system conversion to 
these input power parameters. 

Grounding 

The following requirements must be adhered to in order to provide optimum system perform- 
ance. If they are not followed, no guarantee can be made as to system accuracy. 

The following is aimed at providing adequate shielding for the computer system against noise 
and RF interference. It is intended that this recommendation will complement rather than re- 
place any part of the National Electrical Code or local codes. A terminal is provided in the 
rear of the Central Processor Cabinet for a computer system ground connection. The pre- 
ferred conductor for connecting the system to ground is a 1-1/2 inch minimum diameter cop- 
per braid with a minimum conducting cross-sectional area of 25,000 circular mils. This braid 
must be protected from physical damage. If copper braid is not available, a 6 AWG or larger 
copper conductor may be used. The computer system ground must be independent of plant 
ground and must have a resistance of less than 4 ohms to earth ground. 

The shields of all cables to and from the computer must be grounded at one end only . This ap- 
plies to external interrupt, analog. CCO, and CCI signal cables. It is often a function of the 
particular system which end of the cable shield is grounded. This must be decided on an in- 
dividual system basis. 

Drawing 105D302 shows a typical power distribution and grounding diagram for the P50 computer. 

18-4 



Jft^h/f*y^ '-'- 



♦ 2av,tiov. i &.3«AC.- POWER DiSTPlSUTlON 



SYSTEM GROUND I nCj 







AC POWEf? DISTRIBUTION 



CAStyar oo 



*;._CR 





•?!.__j 



r»/« wt* « J 



./ 



CAk't^Cf Oi 






s 



(§^ 



Wtman pnci 



(&»'t«T OO 



C*»»MCr o< 



Ctf 






-•^Aj 



r*. 



.„?ti pi—, 






/Wif fr»» c— ©it '•I •« ,^ 

Vlk*t| I,. At / 



TO r(*M>Tt o^«*Ta«s a»iMi.t) 



t4SV/(25V,49^?5VRET POwe« Distribution 



CAIiMIT O' 



0«lMfT 0( 





• TO MKxr Ofogr mvtao 



rr^t (tmmri^i'M 



T fl33?r~ 



' a^rio^mk its * tvmm* 
fir UB£B oti-MTt ^taag 



ill! 



,77^ 



^TTF 










fjj' ft! \ ' I J-.; 
ItiMiriiiihiSiJii 






-/yi" 



♦ acV, +I0V,< (..JV.A.C. -POWER DlSTRI8U"riON 



C&>'>4«^ Ol 







S'''Ei''"E*/ r,i?OUMDiN(i 









"T 



i ry_ 



..„ .a-«^ 









^-. 



^F^ 



♦4a\^i25v.,4Sv/iZ5>' per power distributiom 



c^«>M«T «e 



ClkVlMCT 0< 



fc-*- ' j l] 



I \ 



* 'M ^l 



M ' I I J 



:^ c «i a 'ifc 



-P** ***" °*^ ~ 



a Hi^ 



■ m ■■■ - 

HI III-. j1 -^ 



iw ' i n 



M ' i t 



M ' « 




^^E 



A C POIXEB DISTBvBOTiOn 



««« •tolCO&4 



'-^ 






ST 



^ 



*■»«— g«»»*<. M fcJH*yTm« -^nT^ft 



ITliain^ll I fM MfHM 1 



»!«:=_ 



■'ri'r""'r^ ' »/>r 






'\oi' n's'di.' 



Power Supply and Grounding Requirements 

PRIMARY POWER SOURCE - GENERAL 

A separate power transformer should be provided for the computer system. When this 
is not possible, the power source used must be without heavy variable loads such as 
elevator motors, air conditioning motors, etc., which might draw surge currents from 
the source sufficient to cause voltages to drop below allowable tolerances. 

A means for disconnecting the primary power to the computer system in an emergency 
should be provided. It should be titled "PImergency Power Disconnect" and enclosed 
or shielded to prevent accidental actuation. The location should be near the Central 
Processor and the main exit. 

LOADING 

All standard equipment in the system operates on 115 volt 60 cycle per second single 
phase input voltage. Various parts of the system have been designed to accept 230 volt 
and 50 cycle input power; however, some modification is entailed in making a com- 
plete system conversion to these input power parameters. 

115 V.A.C. SYSTEM OPERATION 



1. Main Frame Power Supply 

Input Voltage 
Inrush Current 
Steady State Current 
Power Factor 
Duty 



115 V a.c. ±10%, 58-62 cps. lOf 

80 amperes max. peak current 

6.4 amperes kms (for max. system) 

0.76 typical 

Continuous 



2. Fans 



Input Voltage 

Current 

Duty 



115 V a.c. ±107c. 50-60 cps. Ifif 
Approx. 0.9 amperes rms 
Continuous 



3. Analog- to- Frequency Converters 

Input Voltage 
Power 

Duty 

4. mcHaI ^i.-^ a«;r Spf 



115 v a.c. %10'/o, 58-62 cps, 10 
Approx. 23 watts per converter to a 

maximum of 4 converters 
Continuous 



Input Voltage 

Current 

Duty 



115 V a.c. ±10%. 60±0.45 cps, 10 
Approx. 2 amperes, rms 
Intermittent 
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5. High Speed Tape Reader 

Input Voltage, Motor Unit 
Motor Current, Inrush 

Running 
D.C. Power Supply Unit 

Current Input 
Duty 

6. High Speed Tape Punch 

Input Voltage. Motor Unit 
Motor Current, Inrush 

Running 
D.C. Power Supply Unit 
Current Input 
Input Power 
Duty 

7. Model 735 Logger 

Input Voltage, Motor Unit 
Motor Current, Running 
D.C. Power Supply Unit 
Current Input 
Duty 

230 V. A. C. SYSTEM OPERATION 

1. Main Frame Power Supply 

Input Voltage 
Inrush Current 
Steady State Current 
Power Factor 
Duty 

GROUNDING 



115 V a.c. ±10%, 60 ops ±0.75%, 1^ 

4.0 amperes rms 

1.25 amperes rms 

115 V a.c. ±10%, 50-60 cps, Iflf 

Approx. 0.25 amperes rms a,c. 
Intermittent 



115 V a.c. ±10%, 60 cps ±1%, 10 
9 amperes rms 

2 amperes rms 

115 ±15 V a.c., 60 cps ±5%, l(f 

3 amperes, rms a.c. 
280 watts 
Intermittent 



117 V a.c. ±10%, 60 cps, Kii 

1.2 amperes rms 

115 V a.c. ±10%, 50-60 cps, igf 

0.5 amperes rms, a.c. 

Intermittent 



230 V a.c. ±10%, 48-62 cps, Idf 

40 amperes max. peak current 

3.4 amperes rms (for max. system) 

0.76 typical 

Continuous 



The following requirements must be adhered to in order to provide optimum system 
performance. If they are not followed, no guarantee can be made as to system ac- 
curacy. 

The following is aimed at providing adequate shielding for the computer system against 
noise and RF interference . It is intended that this recommendation will complement 
rather than replace any part of the National Electrical Code or local codes. A terminal 
is provided in the rear of the Central Processor Cabinet for a computer system ground 
connection. The preferred conductor for connecting the system to ground is a 1-1/2 
inch )ninimum diameter copper braid with a minimum conducting cross-sectional area 
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of 2u,u00 circuia ■ oiils. This bra .1 must be protected from physical drruiage If cop- 
per braid is not a\.uhiblo, ; H AWO ■ irger copper conductor may f« med. The 
computer sysk'i. pound m .at be indt peadent of plant ground and must ha/e a resiat- 
ance of less -ha ■! orirn^ tc oarth croi id . 

The EJiiClds •!■ '■ i ■ jble • to md lti^..A ,;■ coiupiiti- must be grounded ni one en-A onij?. 
This aupiies to J A urnaj interrupt , v.: sog, CCO nnd CCI sif-jial cal;lt?: - It is'oSeti a 
functi .n oi Uio ;.: hculai: - leji v\!.; ;. end 'A :ht cable shield is giouixtied. Tiiis must 
be decided on an i^-itavidb a :,vsteni '-insis. 

Anauj- sifv^iais : ; i^-'c r exac!::.t; shieiamg and (.rroundint? consido/ ations tnan t^CI 

or r;;. As a -o ..: the . : winf; ■. i';)mmendati<v;S .^re mad; for shielding an ! ground- 
ing ol analog ; ; i i; 

Stan ': rd ana!( ^ , •:.» nio.iii ;j'ity i'r 1 ; in[)uts on one printed circuit card, and ;'ach 

carr- a;!s provi. ■ i j )r cr." onneci : i, ■(■ the A/'D cor.vert«:r paard shield. The.efore, 

ana!- t .npiit' • , :' :)C j p<^d or - card ace ' 'di;^.; to * ; iterion cd like grounding 

feqb •;nrn; ■ ' ■■■p^': iz::-!^:^ i hv one slvid "onrO';; -o'!. 

Each nalog s, ;; :,hoU: ; Ci'irs; ■ a lvistt,:> |;;i,r. '! nis poir of 1^ .Adt is t- be 

shiei'j-a. !i ;, ^tabi- : rno-a <.a ■• to use ;.a; ti-piir ;ai)le witt; sn ovo -all 

:duei,l I'hc ^' i hool : coiisi ii ■ a u; give i''0; co;er;ge wr:f>n ir.e ;abi- is 

flexe : .aid t > ^ -•:., -id !)'/ 1 hav< a pper drau, wire. This dram v re shou d be 

ixrouii a ^; at o:" ir n-A. nu vCr a^. :, h ends. 

For an ungrounded ther; locouple, the cable shield should be connected to one ground 
plane a; the cohi junction box. The analog converter guard shield should be tied to 
this coh; junctit ,i box grruri plane. 

For grounded iheranocouiilf (s), the cable shield should be connected to the ground plane 
in which the thermocouple -s grounded. The other end of the shield is then tied to the 
analog converter guard shield. NOTE : All thermocouples in a cable and the shield 
ground must be in the same j^round plane. If this is not possible, the cable shield and 
the analog convor'er guard ; hie Id should be grounded at the cold junction box ground 
plane. Commos isaxte voltage betwteii any thermocouple pair and the cable shield 
(analog converter guard shield) should not exceed 5 volts. 

For a grounded voltage c r current generator, the shield should be grounded at the 
transducer. All transducers must ]>e grounded in the same ground plane. The shield 
is tied to the an.l- i:; convert' r guard shield. 

For a floating transducer, the cable shield is tied to the analog converter guard shield 
and to converter ground. 

In every case, the comm.on mode voltage between signal leads and cable shield should 
be restricted to less than 5 volts. 
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POWER DISTRIBUTION & POWER SUPPLY PACKAGE 



POWER DISTRIBUTION 

Power as discussed in this section means a-c power taken to points within the central processor 
cabinet and to convenience outlets in this cabinet. 

In general a-c power will be supplied from an unregulated 115 volt, 60 cps single phase source. 
The ac/dc power supply package in the central processor cabinet is designed to accept 115/230 
volt. 50-60 cps power as determined by transformer winding jumper connections. However, 
other components which can be units of the cabinet, such as fans may not have this flexibility. 
As such, these items might have to receive special consideration in adapting a system to a 
230 volt a-c or 50 cps power supply. 

A-c power is brought into the cabinet to CBl. From here, it also branches out to 4 convenience 
circuit breakers. The other side of CBl (ISA) is connected to a filter capacitor then to 
TB0002-4. The neutral side is tied to another filter capacitor then to TB0002-3. 

An additional breaker CB4, is used to provide power to an auxiliary receptacle mounted on the 
a-c distribution panel assembly. From the incoming side of CB4, power is also distributed to 
an additional 4 circuit breakers which can be used at the customers' discretion. 

From TB0002, power is routed to the power distribution strip where the d-c power supply 
module receives its power. 

POWER SUPPLY 

Schematic diagram 105D312 shows the main power supply as used on the P50 computer. 

As mentioned previously, power is received by this supply from the a-c distribution box, 
TB0002. 

This power supply furnishes four output voltage levels; 48vdc. 26vdc, lOvdc, and 6.3vac. These 
four voltage levels furnish all the power necessary for memory and logic circuits within the 
computer plus the power for external interrupts. 

The +26v is taken to TB0004 for distribution to the logic and memory and to TB0003, through 
a 6 amp fuse, for distribution to the maintenance lights on the printed circuit card and any 
peripheral power required. 

The +10v is taken off of the +26 volt supply by tapping off a Zener diode, CR7 and distributing 
this voltage to TB0004 through a 1 amp fuse. 

Note that in both cases above, the common side of the power supply is tied to frame ground at 
EOl. This side will also be referred to as PSC (Power Supply Common). 

The 48 volt supply is obtained from a center tapped full wave rectifier with a capacitor output 
filter. The +48v is tied to TB0004 through a 2 amp fuse, its return side, 48R is tied to 
TB0004 also. Note that this supply is isolated from PSC. 
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The 6.3vac is derived from the secondary of a filament transformer. This voltage is used to 
drive the synchronizer interrupt on the low voltage sensor card which is mounted in the power 
supply package. 

The +26v is also routed to the low voltage sensor card for use in the Low Voltage Detection 

Circuit. 

The 48R is used also on the low voltage sensor card in the Dead Computer Switch circuit. 
For operation of this low voltage sensor card, refer to the printed circuit card descriptions. 

TAP ADJUSTMENTS 

The power supply has been designed to accept 115/230 volt, 50/60 cps, single-phase input. 
Jumpers on the primary windings of the three transformers in the supply must be wired cor- 
rectly to match the transformers to the line voltage. Each transformer has a dual primary 
winding. These windings must be placed in series for 230vac operation or in parallel for 
llSvac operation. Schematic 105D312 gives the connections required for 230v operation. 

With the exception of the 26vdc source, the transformers do not have taps for adjusting the 
output voltage to allow for small differences in nominal line voltages or differences in load. 
The loads are sufficiently insensitive to voltage variations that the output voltage can be al- 
lowed to swing with 100% switching of load currents and the line voltage variations of ±10% 
around llSvac or 230vac. 

The 26vdc source transformer has secondary winding taps at 3% voltage increments which are 
used to adjust the output voltage to a nominal value for different loads on the supply (i.e., sys- 
tems of various size) and for small differences in nominal line voltage. The output bus voltage 
should be at 27.3 ±0.5vdc with power applied to the system and the central processor in the 
Master Cleared mode. 

GROUNDING, RF TRAPPING 

Grounding 

The entire system is tied to ground via a plant ground lead tie to point EOl in the central proc- 
essor cabinet. From this point, all cabinets in the system as well as the power supply are tied 
together with braid binding straps. The 26vdc and 10 vdc current return paths are at system 
ground potential. Also, one side of the 6.3vac power supply output is tied to system ground. 

RF Trapping 

Precautions have been taken to keep high frequency noise on the input a-c power lines out of 
the power supply. For this purpose, a radio frequency interference filter has been placed in 
each of the two power input lines. 

It is especially important to keep this radio frequency noise out of the 26vdc supply since logic 
and memory power is furnished by this bus. As an added precaution, the primary winding of 
this transformer is electrostatically shielded from the secondary. Figure 2-24 is a simplified 
representation of the RFl filtering and system grounding. 

Each cabinet structure has been designed to afford shielding to power distribution leads (as 
well as signal leads). Cabinets are fully enclosed, all-steel structures which are physically 
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Joined together to form one mechanical unit. Thus the 26vdc, lOvdc, and 6.3vac leads are 
never taken outside the system. Within this steel enclosure, back-panel wiring is additionally 
protected by (1) the aluminum panel which supports the card cages, the card edge connectors 
and panel-to-panel cable connectors and (2) the cable support bracket which covers wire runs 
behind the card cages in the cabinets. (The aluminum panels which hold the card cage struc- 
tures are tied together with the braid bonding strap. Within the cabinet, these panels establish 
the system ground reference plane.) 
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STORAGE AND HANDLING 

Because of its physical and electromechanical characteristics, the P-50 is capable of with- 
standing indefinitely the industrial environments in which men themselves are capable of work- 
ing. It requires no "babying". However, as with any valuable equipment, the user who observes 
a few common-sense rules for handling, storage, maintenance and general care can thus avoid 
trouble which could be expensive in terms of time and/or money. 

STORAGE RULES ARE SIMPLE AND FEW: 

1. All mechanical units that make up the system should be stored upright in a dry, rel- 
atively dust-free area. 

2. The dust covers supplied on the units should be kept on during storage. 

3. Storage temperatures should not be below 32° or above 100°F. 

4. The relative humidity should not exceed 90 per cent. 

5. Storage of units should be such as to minimize the need for rehandling. It is recom- 
mended that cabinets, consoles, etc, be placed on 2 x 4's or 4 x 4's for ease in sub- 
sequent rehandling. 

6. Area security should be maintained to prevent unauthorized personnel from gaining 
access to the computer equipment. 

7. Cables should be kept in the cartons provided, and the cartons stacked on 2 x 4's, 
with stack height not to exceed three cartons. 

HANDLING 

Handling, lifting and moving also should be in accordance with certain simple rules: 

1. Handling shock: not to exceed 4G. 

2. Vibration: less than .03G for 15 cycles per second. 

less than .02G for 16 to 25 cycles per second, 
less than .OIG for 26 to 33 cycles per second, 

3. All central processors, input output cabinets and auxiliary units such as document 
devices (ASR sets, etc.) be kept upright at all times. Maximum allowable tilt, 45°. 

4. Care should be exercised, in lifting cabinets, to avoid damage to side panels and doors. 

5. Hooks, cargo nets are not recommended. 

6. Floor-mounted consoles are not to be lifted by the writing surfaces or doors. It is 
recommended that dollies or other four-wheel devices be used, in preference to fork 
lift trucks. 

7. Prior to movement of operator or printer consoles, the printers, readers, punches 
and other unsecured devices should be removed, packaged separately for safe move- 
ment, and kept packaged until they are to be connected and used. 

8. For long-distance movement, furniture van or air shipment is recommended. Over- 
seas shipments should be by air only. 
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Timing Notes 

This section discusses switching times of elements, delay times through important 
circuits, tolerances of timing pulses, and delay adjustments on power supply switches. 

LOGIC ELEMENTS 

CORDWOOD DUAL NAND 

The typical average propagation time per stage is 20 nanoseconds. With variations in 
loading, supply voltage, temperature, and switching parameters, the average propaga- 
tion time varies from 15 to 30 nanoseconds. 

CORDWOOD MODIFIED DUAL NAND 

Switching times for the modified dual NAND are slower than for the dual NAND. Typ*- 
ical average propagation time is 50 nanoseconds per stage. This varies from 30 to 70 
nanoseconds. 

CORDWOOD SLOW NAND 

Storage time is the longest delay through this element and is typically 6 microseconds. 
Some elements may be as slow as 10 microseconds for high temperature, low fanout 
conditions. Turn-on is usually under a microsecond. 

IMPORTANT CIRCUITS 

CORE PULSER 

Delay times through the core pulsers vary from 0.25 to 0.4 microsecond. Rfse and 
fall times of the output current pulse are 0.25 to 0.3 microsecond. 

SUBROW HALF -SELECT SWITCH 

Turn-on delay varies from 0.1 to 0.3 microsecond. Turn-off time varies from 0.25 to 
0.5 microsecond. 

Subcolumn Half-Select Switch 

Turn-on delay varies from 0.15 to 0.25 microsecond. Turn-off time varies from 0.2 
to 0.3 microsecond. 

SENSE AMPLIFIER 

A delay time derived from the phase shift at 1 megacycle for the sense amplifier is 
0.2 microsecond. 
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CORE STROBE TIMING 

Core strobe is adjusted by displaying the amplified core response voltage and the 
strobe voltage. These signals may be viewed at any bit card by viewing pins LI 7 and 
L16 respectively with respect to ground. 

DELAY LINE TIMING 

Accumulated tolerance of the delay line taps is about 2% or 30 nanoseconds. More 
troublesome than the variation in the absolute value of the delay of each tap is the 
variation in rise time of the pulse sent down the line. In order to preserve a good de- 
lay to rise ratio a 1.5 microsecond line is used, and the line is traversed three times 
to produce the sequence timing. This is in contrast to using a 4. 5 microsecond line 
where degradation of rise time would occur throughout the line length. Still, the 50- 
nanosecond rise time of the pulses contributes some variation in the length of a se- 
quence, which may be as much as 0.15 microsecond. 

POWER SUPPLY SWITCH 

The power supply switch produces a 0.11 to 0.30 microsecond opening of the word and 
channel circuits after a delay from the point of outputting which is adjustable from 1 
to 9 milliseconds. Delays for some applications of the power supply switch are: 

1. CCO: 3 milliseconds to energize bistable relays 

2. CCl: 9 milliseconds from output to interrupt 

3. Contact Input Data: minimum delay 

4. Data Link: minimum delay 

PHASE-LOCKED OSCILLATOR CARD 

The use of 60 cps as the gate frequency for the analog system voltage- to- frequency 
converter requires that the short-term variation in the zero crossing of the 60 cps 
line be integrated. A phase-locked oscillator is used to generate a precise gating 
period. The frequency and phase of the phase-locked oscillator are compared to the 
60 cps line. An analog voltage is derived which controls the frequency of a voltage- 
controlled oscillator. The variation on the 16.667 millisecond square wave is about 1 
microsecond. The observation to check whether the oscillator output is in phase is to 
check that the phase- locked oscillator output does not drift when synchronizing the os- 
cilloscope trace with the 60-cps line. 

POWER OUTAGE WARNING 

When the a.c. power line opens, the power supply will droop at a rate of about 0.2 volt 
per millisecond. After approximately 20 milliseconds, an interrupt is sent to the com- 
puter. The interrupt must be answered within 7 milliseconds. From the time the in- 
terrupt is sent an 8- millisecond delay is begun, at the end of which a relay drops out 
to inhibit the core memory. The 1- millisecond difference between the maximum time 
needed to answer the interrupt and the 8-millisecond delay is to enable a routine to be 
rxm which guarantees orderly shutdown. 
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Standard Signal Specifications 

CORDWOOD DUAL NAND 

1. Switching Levels: 0.5 volt maximum for logic "zero" condition, 1,0 volt min- 
imum for "one" state. 

2. Fanout Capability: 10 NANDs with single drive; 20 NANDs maximum with 
double-base drive. (In "double base" drive, a 3K resistor is connected from 
the NODE of the diode AND to the +6.8 volt supply.) 

3. Input Loading: One NAND input requires that 2.1 milliampere maximum be 
drawn to hold down to ground. 

4. Supply Voltage: 6.8 volts ±5 per cent. 

5. Collector Voltage Rating: Output should not swing more than 6.8 volts -t-5 per 
cent if pullup resistors or non-standard loads are connected to the collector. 

CORDWOOD MODIFIED DUAL NAND 

1. Switching lievels; 0.5 volt maximum for logic "zero" condition, 1.0 volt min- 
imum for "one" state. 

2. Fanout Capability: 10 NANDs with single drive; 20 NANDs with double-base 
drive. 

3. Input Loading: One NAND input requires that 2.1 milliampere maximum be 
drawn to be held down to ground. 

4. Supply Voltage: 6.8 volts ±5 per cent. Base resistors are not commoned as 
in dual NAND so that base resistors may be driven as in resistor-coupled 
logic circuits. In this case input swing should be 6.8 volts - 5 per cent mini- 
mum. 

5. OR Input: The base device series diodes are tapped to enable diode OR con- 
nections to the base circuit. 

6. Collector Voltage Rating: Collector rating is sufficient to tolerate pullup re- 
sistors returned to the + 26-voIt supply. 

CORDWOOD SLOW NAND 

1. Switching Levels: 1.1 volt maximum for zero condition, 1.6 volt minimum for 
"one" state. 

2. Fanout Capability: 10 slow NANDs or 63.5 milliamperes. 

3. Input Loading: One slow NAND input requires that 6.3 milliamperes maximum 
be drawn to be held down to ground. 

4. Supply voltage: 6 to 10 volts. 

Base resistors are not commoned as in dual NAND so that base resistors may 
be driven as in resistor-coupled logic circuits. In this case input swing should 
be 6 volts minimum. 

5. OR Input: The base device series diodes are tapped to enable diode OR con- 
nection to the base circuit. 

6. Collector Voltage Rating: Collector rating is sufficient to tolerate pullup re- 
sistors returned to the + 26-volt supply. 

CHANNEL AND WORD DRIVERS 

1. Current capability of the Word or Channel Drivers is 400 milliamperes d-c. 
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2. Voltuge capability is 30 volts maximum. 

3. Inductive loads must be shunted with a suppression diode. 

POWER SUPPLY SWITCH 

1. Current capability is 800 milliamperes maximum. 

2. Voltage capability is 30 volts maximum. 

3. Range of Adjustment: The load will be interrupted for 0.11 milliseconds min- 
imum to 0.3 milliseconds maximum after an adjustable delay of one to nine 
milliseconds. 

ceo SPECIFICATION 

1. Contact Rating: The rating of the CCO contacts is 100 volt amperes. 

2. CCO Rate: Energization time for relay is set at 3 milliseconds. CCO rates 
can 1x2 as high as 100 per second. 

OCX SPECIFICATION 

1. Threshold Levels: A voltage across terminals 1 to 2 of the CCI buffer trans- 
former of 2.5 volts is the maximum voltage for a logic "zero" state indication, 
and a voltage of 8 volts is the minimum voltage for a "one" indication. 

2. Supply Voltage: CCI filtered inputs may be switched to 48 volts +20 per cent 
-15 per cent. 

3. CCI Rate: Maximum CCI rate is determined by power supply switch settings 
and program times, and can be as high as 100 per second. 

INTERRUPT SPECIFICATIONS 

1. Filtered Interrupts: Contact is closed to 48 volts, ±10 per cent. Input rate is 
15 per second. 

2. Unfiltered Interrupts: Unfiltered interrupts can be switched to the +26-volt 
supply through a IK minimum resistance value. These interrupts when reset 
to ground through a 35-ohm minimum resistor can attain an interrupt rate of 
200 interrupts per second, limited, of course, by program lockout times. 
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ADJUSTMENTS AND WAVEFORMS 

ADJUSTMENTS 

The following adjustment should be made on the P50 computer only if they become necessary. 

CORE PULSER ADJUSTMENT 
Equipment 

1. Tektronix Oscilloscope 541, 545 or equivalent. 

2. Tektronix Current Probe type P6016 with passive termination. 

3. Two card extender boards. 

Scope Sittings 

1. One micro sec /cm 

2. .05 v/cm 

3. Connect positive external trigger to pin L3 of any of the four half selects. 

Procedure 

A. Read-Write current adjust. 

1. Turn off power. 

2. Put computer in Read mode. 

3. Pull the appropriate half select (HS) and core pulser (CP) as noted in Figure 2-26. 
Insert card extenders and re-insert half select (HS) card and core pulser card. 

4. Turn Power on. 

5. Place the current probe on the appropriate pin of the half select card as shown 

in Figure 2-25. Place current probe on 2 ma/mv with scope setting at 0.05 v/cm. 
Each cm of deflection on scope will be equal to 100 ma. 

6. Cycle start button and observe waveform. 

7. Adjust appropriate pot of core pulser for proper value (350 ma) see Figure 2-26 
for location of adjustment potentiometer. 

B. Inhibit current adjust. 

1. Place selector switch in dynamic read mode. (TO PLACE SWITCH IN READ 
MODE DEPRESS MECHANICAL STOP AND ROTATE SWITCH TO THE DY- 
NAMIC READ MODE). 

2. Place the current probe on the appropriate inhibit line (TWISTED PAIR WIRES 
LOOPED ON TOP OF CORE STACK). Place the probe on one wire of the twisted 
pair for each bit to be checked. 

3. Push start button (Caution - Do not disturb the "S" Register as core contents will 
be destroyed). 

4. Adjust appropriate pot on the core pulser for correct value. (332 milliamps) 

5. See Figure 2-26 for slot and potentiometer location. 
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6. To adjust currents for core stacks other than stop computer and set "S" 
Register to the following: 



STACK 


1 
2 

4 



SETTING 

00000 
10000 
20000 
30000 



Turn power on and proceed as per step 4 above. Consult Figure 2-26 for appropri- 
ate CP card location. 
7. Potentiometer location on the core pulse r card is shown in Figure 2-27. A top view 
of the card is shown. The slot location determines the inhibit, read and write 
adjustment for each core stack. 



HALF SELECT 



PIN LOCATION 



X READ 
X WRITE 

Y READ 

Y WRITE 



C7H10 
C7H11 
C9H10 
C9H11 



Figure 2-25. (Half Select and Pin Location) 



STACK 


SLOT 





08 


D7 


06 


1 


on 


DIO 


D9 


2 


E8 


E7 


E6 


3 


Ell 


ElO 


E9 



Figure 2-26. (Core Stack and Core Pulser Locations) 



CARD 

SLIDES 

IN 



INH 8 
INH. 13 
INH, 9 
INH. 12 
INH. 11 
INH. 10 



Y WRITE 

Y READ 
INH. 7 
INH. 6 
INH. 5 
INH. 4 



X WRITE 
X READ 
INH. 3 
INH. 2 
INH. 1 
INH. 



Figure 2-27. (Core Pulser Potentiometer Location for Each Core 
Stack) Top View 
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WW Ki'oirMS 

rhc lollowiii;^ pa^L's show ihe waveforms for memory and interrupt. 

Core Memory 

If it is decided to add additional 4K words to the existing system (up to 16K max.), it is a sim- 
ple matter. The core stack, the diode boards (MA and MB), the inhibit paddle board (IP) the 
sense amplitier board (SA). and three core pulser boards (CP) are all that is required. 

The only adjustment that should be needed is the setting of the core currents. Read and Write 
are set in single-step mode using the Read and Write positions of the mode switch. Inhibits 
can be set in Dynamic Head. Two card extender boards (one for the hnlf select and one for 
the pulser cards) are required. 

Follow the procedure given earlier in the section. 

To establish that operation of the core memory is normal, the waveforms in Figures 2-28 and 
2-29 may be checked. Figure 2-28 shows Read, Write, and Inhibit currents on a typical sys- 
tem. These currents are being viewed with the machine in the Dynamic Read mode. The Read 
and Write currents are being observed as they enter and leave the subcolumn half-select switch 
by means of n Tektronix Type Pf5016 current probe looping extender board wires. The Inhibit 
current is viewed at the Inhibit cable. Read and Write are normally adjusted to 350 milliam- 
peres in single step. Inhibit is normally set at 332 milliamperes. Figure 2-29 shows the ideal 
placement of strobe with respect to the amplified response voltage. The threshold for the volt- 
age under strote is O.G volts These waveforms are observed at extender and terminals con- 
nected to a bit card when a worst case core program is running. 



18-23 




XREAD 
100 mA/cm 
IMS/cm 



X WRITE 
100 mA/cm 
1 US/cm 



INHIBIT 
100 mA/cm 
1 |jtS/cm 



Figure 2-28. Con- Memory Wavefo 



rms 
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■SENSE AMPLIFIER 



Iv/cm - Sense Amp, Output 
1 v/cni - Strobe 
0.2 /is/cm 



Figure 2-29. Amplified Sense Output Showing the Position of the Strobe 
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liiturrupls 

Figure 2-30 and 2-:?l shows the response voltage resulting from the 400 milliampere Interrogate 

current This response vollag.; as well as the Hit response voltage are similar in shape. A 
voltage greater than 1.5 vulis iltuss the iOO-ohm terminating resistor is interpreted as a 
"one" to set the loekt)ut 1 lip- 1 lop. 








Unfiltered Interrupt Input 

lOv/cm 

0.5 Ms /cm 



Filtered Interrupt Input 

lOv/cm 

0.5 Ms /cm 



Top: Interrogate Current 
400 mA/cm 0.5 /lis /cm 
Bottom: Sense Playback 
Iv/cm 0.5 /is /cm 



lie 2-;}0. Iniorrupt Waveforms 
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Probe Pulse 

lOv/cm 

2^is/cm 




Hit Playback 
2v/cm 
0.1 ^s/cm 



,iirc :i] . Intern 



Waveforms 
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START-UP PROCEDURE 



POWER CONNECTION 



1. Measure the a-c line voltage where the computer will be connected. This must be 
between 103 and 128 vac, 60 cps ±1^^,. Record this voltage in log book. 

2. Open the doors to the central processor and I/O cabinets and check to see that all 
cards are in the correct locations and seated properly. 

3. Connect system ground; terminal El on a-c pushbutton panel assembly in central 
processor cabinet to plant ground. Ascertain that cabinet grounds for each cabinet 
are connected to terminal 5, TB0002. 

4. Connect the incoming a-c to CBl (hot side) and neutral side to E3 on the a-c distri- 
bution box. The incoming a-c should be 115v ±10% (or 230vac can be used if trans- 
former primaries are changed). 

Turn on the breaker and measure the d-c voltage at TB0004-10 on the power supply module. 
This voltage must be 27.3 volts +10%, -15%. If not in this range, the +26v transformer (Tl) 
secondary laps must be adjusted to get this correct voltage envelope. 

The "26" volt bus adjustments are made by changing taps on the power transformer winding 
(This is the largest transformer in the supply, and the only one with extra winding taps). Tap 
positions 6 through 12 are on the high sido of the secondary and are to be used for adjusting 
the output vcitage to the proper level according to the following procedure: 

a. Insure that the system is completi and that all cards are in place so the "26" volt 
bus will be fully loaded. 

b. With the system "ON" but with tne central processor in a "MASTER CLEAR" condi- 
tion, select a position for the secondary tap so the voltage on tne bus will be 27.3vdc 
±0.5 volts with 115 a-c ±10%i on mput terminals. Taps are at approximate 3% voltage 
intervals in ascending order as numbered. The nominal tap for an "average" system 
is tap *9 when adjusted with 115vac applied to the primary. 

c. As a check, the drop in voltage on the "26" volt bus should be less than 1.0 volt with 
the memory cycling. 

Reference 105D312 for the schematic drawing of the power supply module. 

5. Measure the 6.3 vac voltage at TB0003-2 and TB0003-1. The 6.3vac allowed variation 

is ±10%. 

6. Measure the 48vdc voltage (this is an ungrounded d-c supply) between TB0004-7 and 
TB0004-8. The 48v supply can be +20% -15% of 48v. 

7. Record all values in the log book. 

8. Check that maintenance lights on boards function properly. These can be checked by 
putting machine in "read" mode and setting and clearing the flip-flops manually. (Re- 
member, the tabs on the left side of the boards are the clear side, and the tabs on the 
right are the set side.) 

9. \\ ith lights set, depress "lamps" switch to see that lights extinguish. 

10. Connect up all necessary cables to I/O section, ASR set loggers, etc. (See System 
Ma~ter Cable List for designation and destination.) 
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INSTALLATION TEST 

In general the following tests should be run for installation. 

Before attempting to execute these tests, first decide what means will be used to load the test 
tapes (ASR reader or high speed reader) so that the proper interrupt location can be used. Re- 
fer to the Interrupt Jumpering drawing supplied with the particular job for this information. 

Read over the test procedures before an attempt is made to load to make sure the necessary 
information is available to initialiice the tests. 

1. Refer to writeup S3A, bootstrap loader, and load this program. 

2. Refer to writeup S4A, bootstrapped binary loader, and load this program via the ASR 
or high speed reader. (Note: The sync, interrupt must be off. Also note that S4A 
can be loaded into core bay 0, 1, 2 or 3 as deter nnined by the tape entered.) 

3. Refer to writeup D9A, command execute test, load and execute this test. Suggested 
run time is 1/2 hour. 

Note: Suggested run times differ from those in the test writeup since an installation test does 
not need to be as exhaustive as factory testing. 

4. Refer to writeup DIOA, core cross talk test; load and execute this test. Suggested 
run time is one complete cycle, which takes approximately 1 hour. 

5. Refer to write-up DllA, worst case core pattern test; load and execute this program. 
Sugg^ested run time - 1 hour. 

6. Refer to write-up D12A, adder test; load and execute the program. Suggested run 
time - 10 minutes. 

7. Refer to write-up D13A, 735 Selectric TW test; execute and load this program. Be 
sure that switch on side of 735 base is in the down (off) position. Suggested run time 
- 5 minutes. 

8. Refer to write-up D15A, ASR Punch Reader Test; load and execute this program. 
Suggested run time - 10 minutes. 

9. Refer to write-up D16A, High Speed Reader-Punch Test; load and execute this test. 
Suggested run time - 20 minutes. 

10. Refer to write-up D17B, Analog Input Statistical Test; load and execute this program. 

11. Refer to write-up D18B, Analog Input Scanner Test; load and execute this program. 

12. Refer to write-up D37A, CCI test, load and execute this program. 

13. Refer to write-up D38A, Interrupt, load and execute this program, 

14. Refer to write-up D39A, CC0 Test, load and execute this program. 

These tests are run to ascertain that the system is correct after arriving at user's site. More 
exhaustive tests have already been run on these computers at the Computer Systems Division 
Test Floor. 

There are two additional tests which are available but are not normally run at this time. These 
are D19A, CCCi vs CCI; and D20A, CC0 vs Interrupt Test. These are tests which require the 
use of special test cables. These te^ts are essentially duplicated by tests D37A, D38A, and 
D39A. 
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